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The broim stem rot organism, Cephalosporiixm gregatum Ailing ton and 
Chamberlain, invades all soybean strains. Glycine max (L.) Merr., from 
the soil with the same predilection. This predilection has been the basis 
for statements indicating that all soybean varieties and strains are sus­
ceptible to £. gregatum. 
Resistance of the soybean to C. gregatum could be expected to occur 
under two major classifications. One of these could be expressed as re­
sistance to infection by one, several, or all of the potential biotypes of 
the organism. J. E. van der Plank (1963) has defined this classification 
as vertical resistance. All germplasm lines of soybean have been evaluated 
fdr resistance to infection. Uone of these lines were found resistant to 
infection. 
The second classification could be designated as resistance to spread 
of the pathogen within the host. This has come to be known as field re­
sistance, or horizontal resistance as defined by van der Plank (1963). Ho 
known effort has been made to evaluate a horizontal resistance response to 
C. gregatum in tlie soybean. The present study was conducted to elucidate 
developmental aspects of the brown stem rot syndrome which could be used 
to determine a resistance to symptom development. 
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LITERATURE REVIEW 
The genus Cephalosporium Corda has been considered by many micro­
biologists as being mainly comprised of saprophytic members of the soil 
microflora (Gi]jaati 1957). Many of these forms are rapidly being asso­
ciated with the pathogenic responses of vascular disorders of both angio-
sperms and gymnosperms. Msikado et al. (1934) indicate that Fresenius 
found Cephalosporium acremonium Corda on corn as early as 1863. A sugar 
cane wilt disease and its incitant, C. sacchari were described by Butler 
and Khan in 1913. Reddy and Holbert (1924) attributed black bundle disease 
of corn to C. acremonium. Harris (l93ô) indicated that C. acremonium was 
not a strong pathogen with respect to the black bundle syndrome. It in­
fected the host only after severe root injury and after the onset of tas-
seling. Abbott (1929) listed a Cephalosporium sp. as being of minor impor­
tance as a coffee (Coffea arabica L.) leafspotter in Peru. A new species 
described-by Ruehle (1931), £. carpogenum, acted as a storage rotter of 
apples. Goss and Frink (1934) described an elm wilt disease caused by a 
vessel-occluding Cephalosporium. An unidentified species was reported as 
the first Cephalosporium. on sugar beet. Beta vulgaris var. saccharita L. 
(Hodges 1936), however, its pathogenicity was of an extremely low order. 
Christensen (1937) reported the progress of a canker disease of balsam fir, 
Abies balsamea (L.) Mill., caused by a potentially new species of Cephalo-
sporium. C. diospyri Crandall, an extremely virulent and prolific pathogen 
of the American persimmon, Diospyros virginiana L., was first reported from 
Tennessee in 1938 (Beattie and Crandall 1938, Crandall 1945, and Crandall 
and Baker 1950). Linn (1940) described C. cinnamomeum, a prime leaf spot­
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ting pathogen of two aroids, Uephthytis afzelii Schott and Syngonium 
podaphylltim Schott var. albolineatum Engl. In this case, leaf inoculation 
was accomplished without wounding. Crandall (1950) described C. deformans 
taken from Lonchocarpus utilis A. C. Smith, a rotenone yielding species. 
C. deformans was prevalent in the veins and midribs of the leaves, causing 
a vascular browning in these elements. Stover and Waite (1954) found 
Cephalosporium spp. to be extremely good colonizers of excised roots of 
Gros Michel banana,. Mus a sapientum (L. ) Eimtze. Cephalosporium spp. have 
been reported to be weakly parasitic in the damping-off complex on seedlings 
of Picae glauca (Moench) Voss, P. pungens Bnglem., P. englemannii Parry, P. 
abies (L.) Karst., Pinus banksiana Lamb., P. resinosa Ait., and Larix 
sibirica Lebed. (Vaartaja and Cram 1956). Recently Cephalosporium spp. 
have been conclusively associated with lettuce root rot in Hew York state 
(Hannon 1955), grapevine wood decay in California (Chiarappa 1959), and 
alfalfa root rot in Rhode Island (Roberti 1960). In 1956 Bruehl reported 
the first incidence of C. gramineum Uisikado and Ikata in the United States 
from the state of Washington. Concurrent and subsequent investigations 
indicated that wheat stripe disease was important on wheat grown in rela­
tively cool, wet areas. Members of the following genera were found to be 
suscepts of C. gramineum: Agropyron Gaertn., Arrhenatherum Beauv., Avena 
L,, BecVnifln-m' a Host, Bromus L., Dactylis L., Elymus L., Hordeum L., Lolium 
L., Oryzopsis Mieux., Phleum L., Poa L., Polypogon Desf., Secale L», 
Sitanion Raf., and Triticum L. The. pathogen invaded the entire above-
ground portion of the plants by way of the vascular system ( Bruehl 1956, 
Bruehl 1957, and Bruehl and Strobel 1957). The first report of this patho­
gen was by Uisikado et al. (1934) in Japan. 
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Ceplialosporium spp. have not been evident as competent seed borne 
pathogens. Corn seed has been kno-wn to carry C. acremonium superficially 
(Koehler 1954) and G. aspermum may be frequently found on oat seed 
(Hansing et 1957). 
Insect vectors have been shown to exhibit some importance in 
Cephalosporium Incited diseases. Adams and Manns (1922) noted that corn 
ear infection by C. sacohari followed damage by the corn ear -worm, 
Heliothis zea Boddie. C. acremonium was found to be associated with the 
corn stalk rot syndrome following penetration by the European corn borer, 
Ostrinia nubilalis Hubner, (Taylor 1952). Crandall and Baker (1950) in­
dicated that the beetles Xylobiops basilaris (Say) and Oncideres cingulatus 
(Say) actually transmitted spores of C. diospyri from wilted and spore 
encrusted Diospyros virginiana to healthy trees. 
Brown stem rot (BSE) of soybean was first observed in central Illinois 
during the fall of 1944 (Allington 1946), Loss was estimated at ten per­
cent for some counties. A severe epiphytotic of BSR was reported in 1945 
for central Indiana, Illinois, and Iowa. Soybean plants at a single 
location in north east Missouri showed BSR symptoms in September 1946 
(Crall 1947). Fields at this location had been cropped in soybean variety 
mini for several years. An uninfested adjacent area also planted to 
mini had not had soybeans for some time (Crall 1947). Hildebrand (1948) 
found the variety Lincoln heavily infested with BSR during September 1948 
at Harrow, Ontario, Canada. Kerrikamp and Gibier (l95l) found BSR for the 
first time in Minnesota on the Minnesota Agricultural Experiment Station 
Farm at St. Paul, and in Freeborn county, Minnesota. Disease survey data 
taken by Crall (1950) for Iowa in 1949 indicated that BSR was causing ex­
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tensive damage to the soybean, crop. BSR was more widely distributed in 
Iowa in 1951 than in any previous year (Crall 1951). 
Brown stem rot of soybeans has continued to be a serious soybean 
disease of the north central United States. The original habitat report 
(Allington and Chamberlain 1948) included soils in Illinois, Indiana, Iowa, 
Kentucky, Missouri, and Ohio. Recent findings of BSR in Oregon at sites 
newly opened to soybean planting (Fitch 1962), at several locations in 
Forth Carolina and Virginia (Ross and Smith 1963), and Florida^  have in­
dicated a wide geographical range for the pathogen. The disease has not 
been reported outside the Worth American continent. J. L. Cartter in a 
talk given at the Northern Regional Soybean Conference (Cartter 1947) 
stated that, "Brovm stem rot is possibly the most threatening of any of 
the diseases that are now known to attack the soybean." 
Yield reduction has been the principal effect ascribed to BSR. 
Allington (1946) claimed a considerable yield loss probably due to ex­
cessive lodging. Hildebrand (1948) also described late season lodging 
and blamed the cause on BSR. Estimates of yield loss may be found in 
p 
abundance, yet valid data have been lacking. Bunleaw used a yield trial 
on a BSR nursery to show that at the end of five years of continuous soy­
bean production yield was lowered 33.E percent as compared with a four 
"Dr. J. M. Dunlea-vy, Professor Plant Pathology, Iowa State University, 
Ames, Iowa. Disease survey data. Private communication. 1960. 
D^r. J. M. Dunleavy, Professor Plant Pathology, Iowa State University/, 
Ames, Iowa. Data from Annual Report, Iowa Agricultural Experiment Station 
Project 1179. Private communication. 1963. 
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year obm, one year soybean rotation. Yield loss was accounted for by 
reduced seed size, and to some extent, reduced pod set (Chamberlain and 
McAlister 1954). Chamberlain (1963) claimed a Tnini-mnm 10 percent yield 
reduction. Control measures for BSR hare emphasized avoidance through a 
four year crop rotation. 
Presley and Allington (1947) identified the casual organism of BSR 
as a member of the genus Cephalosporium Corda, and also provided a pre­
liminary description of diagnostic characters. Allington and Chamberlain 
(l948) described this organism as a new species of Cephalosporium, naming 
it 0. gregatum for the gregarious nature of the conidial heads. 
Sporulation was found to be sparse on all media except an agar medium 
of soybean stems. C. gregatum was later shown to be comprised of a mix­
ture of asexually sporing and non-sporing strains (Hamilton and Boosalis 
1955). Temperatures between 14.5 and 21.0° C and media pH values between 
5.0 and 6.0 promoted sporulation in sporing strains, but did not accentuate 
sporulation in non-sporing strains. SuccessiTe transfers on potato dex­
trose agar at 2 week intervals over a 1 year period did not induce sporing 
of non-sporing strains. Uon-sporing strains sporulated only on soybean 
stem agar and when transferred to potato dextrose agar sporulation ceased. 
Presley and Allington (1947) found that sucrose inhibited sporulation. 
Conidia from soybean stem agar were described as ellipsoidal, hyaline, 
1.5 to 2.5 X 2.0 to 5.0 u (Presley and Allington 1947). Later, Allington 
and Chamberlain (1948) defined the conidia as hyaline, capitate, contin­
uous, not catenulate, ovoid to elliptical, 1.7 to 3*4 X 3.4 to 7.6 u in 
culture, and up to 4.3 X 9.4 u in the host. Conidia germinated by means 
of one, or sometimes two germ tubes. Conidial heads were described as 
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irregular, aerial or decumbent, usually aggregated to form a mound-like 
mass of spores close to, or at the surface of the medium, and borne on 
conidiophores 4 to 15 u, and sometimes 25 u long. Hamilton and Boosalis 
(1955) obtained sporulating strains of C. gregatum which produced septate 
con.idia that also germinated by budding. Conidial germination occurred 
readily on all media employed. îîo sexually reproducing form of C. gregatum 
has yet been found. 
The habitat of C^ . gregatum listed by Allington and Chamberlain (1948) 
included the roots and stems of living soybean plants. It has not been 
recovered from seed produced on diseased plants, from dried diseased soy­
bean stems kept under laboratory conditions for a one year period, or from 
soybean stems overiTintered in the field. Soybean and mung bean, Phaseolus 
aureus Roxb., have been the only hosts reported for C. gregatum. 
Symptom expression has been reported (Allington 1946) to consist of 
brovming of the pith and xylem of the stem. Browning started at or below 
the soil level and progressed slowly upward with only slight external 
symptoms in evidence in the form of occasional blighting of lower leaves. 
Browned tissues may first be visible in the nodal areas (Allington and 
Chamberlain 1948). Interveinal chlorosis of the leaflet laminae, 
quickly followed by necrosis, was proposed to be the result of cool con­
ditions following warm dry periods of August and September. A browned 
stem exterior and lodging was reported to accompany extensive internal 
rotting. Valid evidence of the external symptoms has been found lacking. 
Most workers have regarded the disease sjrmptoms as being hidden, or con­
fined to the interior plant tissues (Chamberlain 1963). Field diagnosis 
may only be made vjlth certainty by examination of the pith and xylem 
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tissues. 
Allington and Chamberlain (1943) demonstrated that the pathogen could 
enter wounds in the roots and stem base. Ifycelial elements were always 
observed in vessels of the main root prior to their appearance in the stem. 
Hyphae in the stem migrated through the walls separating vessels and along 
vessel lumina. Actively growing plants had few hyphae present in the pith 
parenchyma, in plants approaching maturity the fungus actively invaded the 
pith. Histological studies by Chamberlain and McAlister (1954) have shown 
that the advance of stem brovming was closely associated with the advance 
of the mycelium in the stem. 
The effect of lowered air temperatures increasing disease develop­
ment was first proposed by Allington (1946). Allington and Chamberlain 
(1948) poiTïted out that low temperatures during the soybean harvest caused 
stem lodging by reason of disease weakened stems. 
Allington and Chamberlain (1948) developed greenhouse studies to test 
temperature effects and indicated that soil temperatures of 10, 15, 20, 
and 25° C and air temperatures ranging between 15 and 26° C did not pro­
duce symptoms in artificially inoculated Lincoln and Bansei soybean vari­
eties. However, "when air temperatures were maintained at 15, 21, and 27° C 
for 2 to 3 weeks, stem brovming developed to 8 to 10 inches in the 15° C 
treatment. Broiming was almost inhibited at 21° C, and no spread was 
observed at 27° C. C. gregatum was always isolated from inoculated plants 
held at 21 and 27° C. When inoculations were made at 21 and 27° C with 
the plants later placed at 15° C symptom development was always positive. 
Chamberlain and McAlister (1954) attempted to relate the effect of 
physiologic age and air temperature to symptom development. Using three 
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temperature groups, 18° C night and 24° C day, 18° C ni^ t and 32° C day, 
and 32° C night and day symptom development was reported as inhibited at 
high day and high constant temperatures. Yet, the age of the plants also 
influenced developmentj oldest plants showed a more extensive broiming. 
In a similar experiment the disease symptom progressed more rapidly in 
plants beyond the pod filling stage. In conclusion, ihe effect of temper­
ature was considered to be the more important. 
illington and Chamberlain (1948) indicated that symptom development 
and spore production were controlled by temperature. Conidia developed in 
the xylem of inoculated plants held below 21° C and were thought to be 
responsible for spread of the organism and symptoms within the plant. 
McAlister and Chamberlain (1951) and Chamberlain and McAlister (1954) 
forced distilled water through healthy and browned stem sections in order 
to demonstrate water flow reduction. The mean rate of water flow was half 
as great in diseased stems at 15 psi. Degree of browning classifications 
were found to be inversely related to the rate of water flow through dis­
eased stem segments. The degree of browning classifications were com­
posited by visual observations of browning at cut stem ends. 
A fungal metabolite was proposed by Chamberlain (1956, 1961) as the 
agent active in reduction of water flow through excised stem sections and 
development of the browning symptom. Extracts of browned soybean tissues, 
when forced through healthy stems, subsequently reduced water flow by 65 
to 80 percent in 1956, and 10 to 34 percent in 1961. Excised healthy 
plant tops placed in the same extract, showed browning 6 to 8 cm above 
the cut ends in 5 days. Heat treatment by autoclaving, Seitz filtration, 
and one to ten dilution of the extract had no appreciable effect upon its 
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activity. A water extract of an agar medium on which C. gregatum had been 
grown, also reduced water flow in non-diseased stem segments. 
Although a metabolite of C. gregatum circumstantially reduced water 
flow and initiated browning in soybean stems, no indication was given as 
to the extent of the metabolites existence beyond the terminal area of 
stem infection. The terminus of browning and of nycelial growth were re­
ported by Chamberlain and McAlister (1954) to exist in close association. 
Uo indication that the rate of mycelial growth and metabolite transport 
were equal was given. 
The exact water flow reduction attributable to the presence of myce­
lium within the vessels has not been measured for BSR. Chamberlain and 
McAlister (1954) cited a two-thirds reduction of water flow to the leaves 
in BSR diseased plants. Data for this report were taken from water flow 
at 15 psi throu^  excised stem sections. Both nycelial plugging and action 
of the fungal metabolite were thought to be responsible for water flow re­
duction. Waggoner and Dimond (1954) constructed a laboratory scale model 
of a vessel segment in order to test the ability of hyphae alone to de­
crease water flow in terms of the tomato wilt disease. These workers cal­
culated that for ten hyphae present in a vessel, each having a diameter of 
0.1 that of the vessel, the water tension must be increased six times in 
order for the plant to maintain normal water flow. If the water tension 
was not increased, flow would be reduced by slightly over four-fifths of 
normal. 
Soybean strains resistant to C. gregatum. have not been found. 
Strains currently under evaluation prior to varietal release have not 
shown resistance to infection by C. gregatum (Results of the Cooperative 
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Uniform Soybean Tests, 1963). 
Thermal neutron irradiation was used in an attempt to induce a gene 
mutation for BSR resistance in Adams, Clark, Blackhawk, Earosoy, Hawkeye, 
and Perry (Chamberlain and Bernard, 1961). Selections from the irradiated 
samples, which have been carried through four years of resistance trials, 
have not produced infection resistant progeny. 
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MATERIALS AND METHODS 
Varieties 
Soybean Tarieties used for syndrome analysis were primarily selected 
on the basis of maturity group and germplasm origin (Table l). All varie­
ties used, with the exception of Goku and Sousei, were increased at the 
Iowa Agricultural Experiment Station. Seed of Goku and Sousei was obtained 
from the IJ. S. Regional Soybean Laboratory, Urbana, Illinois. The vari­
ety Blackhawk, a Group II selection from Mukden x Richland, was employed 
in the greenhouse as an indicator strain for pathogenicity tests of fungal 
isolates. 
Organism 
Mass isolates of C_. gregatum were obtained by normal plating tech­
niques from BSR disease plants. A single culture was provided by Dr. D. ¥. 
Chamberlain, U. S. Regional Soybean Laboratory, Urbana, Illinois. All 
isolates were checked for the sporing characters described by Allington 
and Chamberlain (1948) and by Hamilton and Boosalis (1955). Pathogenicity 
was evaluated on the soybean variety Blackhawk. After reisolation from 
Blackhawk isolates were vegetatively subcultured and checked for purity 
by visual means on Difco potato dextrose agar. Pure cultures were stored 
in screw capped tubes or bottles on moist sterile soil; potato sucrose 
broth (PSB) as 250 ml décantant from 250 g diced potatoes boiled in 500 ml 
distilled water, 25 g CP sucrose, brou^ t to 1000 ml with distilled water; 
or 100 g fresh washed soybean roots ground with distilled water in a 
Waring blendor and brought to 1000 ml with distilled water. A 2° C tem­
perature was maintained for storage. Three isolates YB, YB-1, and B-1 
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Table 1. Maturity groups. stem terminations, and germplasm origins of 
named varieties and a strain used in syndrome development studies 
Maturity®" Stem 
Variety group termination"'^  Origin®" 
Flambeau 00 3.0 U.S.S.R., 1934 
Kabott 0 3.0 Mnguta, Manchuria, Sel. in 1933 
Chippewa I 3.0 Lincoln x (Lincoln x Richland), 1954 
Earlysma I 5.0 From a hybrid in Bunfield, 1931 
Ontario I 2.0 Harbin, Manchuria, 1911 
Bansei II 1.0 Sapporo, Hokkaido, Japan, 1929 
G-oku II 1.0 Tokyo, Japan, 1929 
Harosoy II 3.0 Mandarin x (Mandarin x A.K.), 1952 
Hawkeye II 3.0 Mukden x Richland, 1948 
Eanro II 3.0 Pingyang, Korea, 1929 
Korean II 2.0 China 
Mukden II 3.0 Mukden, Manchuria, 1920 
Richland II 2.0 Changling, Manchuria, 1926 
Sousei II 1.0 Tokyo, Japan, 1929 
Jogun III 1.0 Dojogun, Korea, 1930 
Lincoln III 5.0 Mandarin x Manchu, 1944 
Mandell III 5.0 Sel. from Manchu, 1926 
T135 y9° III A strain selected from Illini, a 
selection from A.K.,.obtained 
from Manchuria 
Midwest IV 1.0 Central China, 1901^  
Perry IV 3.5 Patoka X- L37-1355, 1952 
Wilson IV 4.5 Newchwang, Manchuria, 1906 
Dorman V 4.5 Dunfield x Arksoy, 1952 
S^oybean Variety Names. 1957. Supplement 1 to Service and Regulatory 
Announcements No. 156 "Rules and Regulations Under the Federal Seed Act." 
United States Department of Agriculture, Agricultural Marketing Service. 
Yifashington, D. C. 
S^SLM 205. 1960. Agronomic Evaluation of Soybean Germplasm Earned 
Varieties: Group 00 to IV. United States Regional Soybean Laboratory, 
Urbana, Illinois. 
°1.0 very determinate to 5.0 very indeterminate. 
T^135 y9 was furnished by Dr. C. R. Weber, Department of Agronomy, 
Iowa State University, Ames, Iowa. 
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were selected for inoculation tests on the basis of their effective patho­
genicity, continued purity, and apparent representative character of C. 
gregatum. present at Ames, Iowa. 
nurseries 
Field experiments were conducted at three locations. Tests which re­
quired C_. gregatum infested soil were planted in an established BSE nursery 
plot. This area, the main BSR nursery (nursery A), had been continuously 
cropped to soybeans for 8 years after artificial infestation with BSR dis­
eased soybean, material. Disease incidence indicated a uniform distribution 
of the pathogen. 
A second nursery (nursery B) was established on the Iowa State University 
Agricultural Engineering Experimental Farm. This location provided a con­
venient source of electrical power required by photoperiod studies. Soil 
was infested after plowing by spreading infested soil at the rate of 1 cubic 
yard per 1,000 square feet of uninfested soil. After discing, soybeans were 
planted to act as a trap crop. Hildebrand (1952) reported a rapid establish­
ment of C. gregatum in soil not previously planted to soybeans when infested 
soil Tfas used as inoculum. The new nursery was established one year prior 
to use on soil which had never been cropped with soybeans. 
An. inoculation nursery (nursery C) was maintained at a third location, 
also part of the Iowa State University Agricultural Engineering Experimental 
Farm. The area selected for this purpose had no soybean culture in its 
history. 
Temperature measurements 
Continuous temperature recording instruments, Etygro Thermograph, 
model 594, manufactured by Friez Instrument Division, Bendix Aviation 
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Corporation were used to obtain, temperature data. Recording drums were 
adjusted to revolTe one complete revolution each 7 day period. Two instru­
ments, adjusted in synchrony on the Fahrenheit scale were operated in each 
instrument shelter. The standard shelters, painted white, were placed 
between the rows. Shelter legs were of a length to-locate the bourdon 
tubes 1 foot above level soil surface. 
For purposes of analysis, temperature data were recorded as the daily 
maximum, minimum, and median; and as the total number of hours per day 
elapsed in each of a series of 6 degree increments. Twelve increments 
were arbitrarily selected starting with 30 to 36° F, and continued seri­
ally to 96 to 102° F. 
Symptom measurement 
The following data were taken at various intervals according to the 
purpose of the test: a) Stage of growth, b) Length of main stem axis 
(length of stem) in centimeters from the cotyledonary node to the apex, 
c) Length of browning in centimeters from cotyledonary node to browning 
terminus, d) Uumber of the highest node at, or below which, browning was 
evident; primary leaf node was considered as node number one. e) Number . 
of individual plants with or without the internal stem broTfiiing symptom 
(diseased or healthy). 
Symptom parameters were masked by natural stem discoloration prior to 
the time at which the varieties could be classified as mature. Natural 
stem discoloration became evident during the period of normal leaf abscis­
sion. No measurements were taken after leaf abscission had became pro­
nounced. The stage of plant growth for the last measurement of the season 
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in those tests where maturity was approached was arbitrarily named the 
prematurity stage. 
Plants were randomly selected for assay. Ones selected, individuals 
were rejected only if they showed mechanical injury or the disease symptoms 
of stem canker, bacterial wilt, soybean mosaic, or bud blight. 
Test designs 
Field tests were conducted during the growing seasons of 1962, 19 63, 
and 1964. Dates of planting for most tests evaluated during these periods 
varied 7 days between the years. Designs and assay periods were different 
for each test. Location of the tests within the nurseries was different 
for each year. 
Stage of grovrbh test Varieties Kabott, Flambeau, Ontario, Korean, 
Jogun. Mande11, Perry, Midwest, and the strain T135 y9 were selected in 
1962 for their respective maturity groups. Group 00 through Group IV, and 
germplasm origin. Varieties were planted May 17 in four replications of 
randomized blocks with row length at 20 feet. The test was assayed 12 
times, at 7 - 10 day intervals, beginning on June 22. Originally 15 plants 
per replication per variety were to be assayed at each examination, however, 
spring rains inadvertently ws.shed in a herbicide, Atrazine, from an adjacent 
field and plant populations in some rows were reduced. The number of plants 
assayed from damaged rows ranged between 5 and 15. 
The same test was planted on May 22, 1965 with the exception of the 
variety Jogun which was omitted. Assays were made on ten dates and began 
on June 24. The stage of growth test was conducted in nursery A. 
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Group II varieties test Varieties from maturity Group II were 
selected for this test on the basis of difference in the number of days 
from flowering to maturity. The varieties were divided into three groups 
as follows: Sousei and Goku, about 50 days; Bansei and Kanro, 58 to 60 
days; and Havirkeye, Mukden, and Richland, 70 to 72 days between flowering 
and maturity. These varieties were planted May 22 in three randomized 
blocks of 20 foot rows in nursery A. A single assay of 15 plants per 
replication of each variety was made on August 20. 
Date of planting studies Date of planting studies were conducted 
in 1962 and 19 63 at nijrsery A. Varieties representing maturity Groups I, 
II, III, and V; Earlyana, Hawkeye, Lincoln, and Dorman were used each year. 
In 1962 the test consisted of five dates of planting. May 17, June 6, June 
14, June 26, and July 10, and one assay period September 7 to 8. For 1963 
the test was designed with four planting dates and four assay dates. Using 
this method four approximately equal periods of growth could be obtained 
under different environmental conditions. Planting dates were May 22, 
June 6, June 14, and June 26. Assay dates and respective growth periods 
from emergence were July 26, 57 days; August 10, 61 days; August 17, 60 
days; and August 29, 61 days. 
Triplicate 5 foot rows planted in randomized block design comprised 
the plot for both 1962 and 1965. Each year 15 plants per replication per 
variety were evaluated. 
Inoculation test Chippewa, Harosoy, Sawkeye, and T135 y9 were 
bulk planted June 7 at nursery C. After emergence the plot was divided 
into 40, 10 foot rows. Inoculation treatments 8.nd controls were randomly 
distributed throughout the plot. 
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laoculation was easily and rapidly accomplished by the use of a 
modified hypodermic needle fitting a 1.0 ml automatic pipetting syringe. 
The modification consisted of a sharply pointed l/s x 3 inch steel rod 
soldered to the base of a 3 inch 18 gauge blunted hypodermic needle. A 
45 degree bend, 1 inch from the needle tip, formed a "Y" junction with the 
rod. A 5/I6 inch collar was soldered to the rod s/s inch from the rod 
point to act as a depth gauge. 
The pointed rod was used to pierce the stem at the unifoliate node. 
Ifycelial suspension was then delivered into the wound in 0.1 ml volumes. 
This suspension was prepared from isolates grown in potato sucrose broth 
(PSB). Fragmentation for 30 seconds in a Waring blendor provided a uni­
form non-sporing G. gregatum inoculian. A fusarial control inoculum con­
sisted of spores and nycelial fragments in PSB. 
Individual 10 foot rows of each variety were inoculated with each 
of the selected C. gregatum isolates, YB, YB-1, and B-1. Single rows of 
each variety were also inoculated with a Fusarium sp. commonly found as­
sociated with C. gregatum, "with autoclaved Fusarium sp., and with the auto-
claved C. gregatum isolates. Dhinoculated checks represented two rows of 
each variety. During the period of inoculation, July 2 to 6, the plants 
had four to five trifoliolate leaves fully expanded. 
Assays were made 65 days after inoculation. Internal browning eval­
uations were made on 100 plants from each inoculated row and the non-
inoculated control rows. 
Graft tests Reciprocal grafts, using a cleft graft technique, 
and approach grafts were used in the field and greenhouse to evaluate the 
location and transmission of a possible resistance factor. All grafts 
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were made between the "varieties Ontario and Midwest. 
Reciprocal grafts were made with seedlings grown from seed germinated 
in moist vermiculite. Grafting was done immediately after the hypocotyl 
arch straightened and prior to divergence of the cotyledons. Shoot and 
root were severed approximately 2 cm below the cotyledonary node. The root 
portion was clefted and the shoot portion tapered. Reciprocated stocks 
and scions were fitted tightly together and bound with a piece of masking 
tape 3/4 X 3/4 inch. The boiind seedlings were then placed in water. Seed­
lings were later removed from the water and the roots were bedded in moist 
vermiculite in 1000 ml beakers which were sealed with foil to maintain a 
htimid atmosphere. Seedlings required gradual exposure to a less humid 
atmosphere under shaded greenhouse conditions. Gradual removal of the foil 
over a 4 day period was adequate. 
Grafts prepared in the above manner were bare-root-transplanted in 
nursery A 6 days after grafting. All seedlings were space planted at the 
rate of 30 plants per 8 foot row. Controls consisted of non-reciprocated 
cleft grafts, non-grafted but tape bound seedlings, and non-grafted and 
non-taped seedlings. The seedling origin and hardening process for the 
controls were the same as those of the grafted plants. 
Approach grafts in the greenhouse were made with single pot plantings 
of one or both varieties. All grafts were made between plants within a 
single pot. Young plants mth three or four expanded trifoliolates were 
joined at the second trifoliolate node mth 3/l6 x 4 inch, .020 gauge 
rubber strips. Inoculation of one graft member was made by the previously 
described method. Controls were variety" intragrafts and uninoculated, 
grafted plants. 
20 
Approach grafts in the field were initiated hy hand planting the two 
varieties in the same 10 foot row in nursery A. Seeds of each •variety-
were separated by a row-length strip of asphalt impregnated kraft paper, 
3 inches wide. Planting was completed on May 16 and the graft unions 
bound on June 24 to 26. Graft unions were made as close to the second 
trifoliolate node as possible, and were bound with the above mentioned 
.020 gauge rubber strips. Approximately 500 grafts were completed in six 
rows. Controls were intravarietal grafts and ungrafted plants growing in 
the same rows as the intervarietal grafts. 
Floral induction study Flambeau, Harosoy, and Wilson were select­
ed for this study on the basis of their respective maturity Groups 00, II, 
and IV. The planting date, June 14, was chosen to provide the longest 
possible, normal day length period at the time of seedling emergence. 
Floral induction could be expected to occur in Flambeau at the time of 
primary leaf expansion, at a slightly later stage of development in Harosoy, 
and after prolonged vegetative growth of Wilson. 
The test was conducted in nursery A. Varieties were planted in 
triplicate, randomized blocks of 10 foot rows. Assays of 40 plants per 
variety per replication were made 29 and 59 days after emergence. 
Vegetative stage test Group II maturity varieties, Bansei, 
Harosoy, Kanro, and Korean were subjected to a constant extended day-
length under field conditions. These four varieties represented two 
groups differing in expected time from flowering to maturity as follows: 
Bansei and Kanro, 58 to 60 days; and Harosoy and Korean, 72 days. 
Varieties were randomly replicated in six blocks of 8 foot rows at 
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nursery B. Plot dimensions of eight rows by three series fitted under the 
light source. Light was provided by a total of 18, 150 watt, red Sylvania 
projector flood bulbs, suspended nine feet above the soil surface. Red 
light was used by reason of the response of soybeans to photoperiod con­
trol under low intensities at 6400 A (Borthwick et al. 1950, Howell 1960, 
and Parker et al. 1945). Equally spaced bulbs were strung between posts 
set on 10 foot centers, this arrangement placed 6 bulbs directly over the 
center of each series. Lights were on continuously between 4:00 a.m. and 
10:00 p.m. GST and were controlled by a Paragon time switch. This six 
hour night and eighteen houjr day regime was initiated at planting time. 
May 23, 1963, and continued until assay was made on August 28. 
An identical, but unlighted plot, lying in the same rows 300 feet 
from the lighted area was used as a normal daylength control. 
Stem length reduction test A quaternary ammonium compound, Amo-
1618, (2-isopropyl-4-dimethylamino-5-methylphenyl-l-piperidine carbozylate 
methyl chloride) synthesized by Krewson et al. (1959) has shown an ability 
to act as an antiauxin^  growth retardant when applied on soybean foliage 
in an aqueous solution. Amo-1618 was used, to reduce stem lengths of 
Ontario and Midwest, to effect a comparison of symptom development and 
distribution in short an.d normal stemmed plants of the same variety grow­
ing under identical field conditions. 
Both varieties were planted in four randomly distributed five row 
blocks on May 15, 1964 in the nursery A. The interior three rows 
D^r. Robert M. Chasson. Associate Professor of Botaqy, Iowa State 
University, 4nes, Iowa. Data from laboratory test. Private communication. 
1963. 
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of two blocks of each variety were sprayed with 113 ppm aqueous solution 
of Amo-lG18 (Rainbow Color and Chemical Company, Box 31, îîorthridge, 
California) as the second trifoliolate began to expand. The interior 
rows of the remaining two blocks of each variety were sprayed with water 
only for use as controls. The test was assayed in early August for BSR 
development. 
Rate expression 
Ratio of diseased plants to total plants examined was used for 
determination of infection rate per day. Such ratios, designated as x, 
were corrected for the presence of non-infected plants by the term 1-x. 
Relative infection rates (Rl) were graphed as Log^  l/(l-x) plotted against 
time in days, or calculated as l/tg-t^  Log^  l/(l-x) . Rates of symptom 
advance (RA) where x was equal to (the number of plants with symptoms • 
terminating below the third trifoliolate node/the number of plants with 
symptoms) were derived by the same application. 
The length of diseased and healthy stem tissue in an entire varie"ty 
population was used as a mean value in the calculation of corrected rate 
of browning increase for variety population between assays. The rate of 
browning increase (p) was calculated as 
hx2 
to - t. Logg 
1^ . 
Time in days between assays was indicated by  ^ , h was equal to 
t2 - ti 
the ratio of mean healthy stem tissue in cm at tg/^ ]^ , and x represented 
the ratio of mean diseased to healthy stem tissue in cm at t^  and tg. 
Values obtained for p were relative, and expressed the rate of browning 
on a per unit per day basis. 
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Computation of relative infection rates, rates of symptom advance, 
and rates of broiwning increase were adapted from methods presented by 
van der Plank (1963). Statistical analyses and tests conformed to methods 
presented by Snedecor (1956). Absolute rates used in this study were 
calculated as the amount of change per day of parameter means, or the 
percent of change per day. 
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RESULTS 
Stage of growth test 
Differences "between varieties were o"bserved on the basis of the fol­
lowing disease criteria: disease incidence, rate of infection, nodal 
syinptom distribution, rate of the browning symptom advance through the 
lower stem, browning symptom length distribution, relative rate of stem 
browning increase, and absolute rate of stem and browning symptom length 
increase. 
Disease incidence Disease incidence varied among the varieties 
and between the years (Tables 2 and 3). Ontario and T135 y9 showed com­
parable early and high degrees of infection for both years at 34 and 32 
days after emergence. Flambeau had a lower percentage of diseased plants 
for all assays in 1962 than in 1963. At the prematurity/- stage the dis­
ease incidence for Kabott was identical for both years. Early and mid-
season incidence for Kabott was higher in 1963. The incidence for Korean 
varied between the years after 52 and 55 days of growth. Incidence was 
23.2 percent higher in 1963 after 91 days than in 1962 after 94 days of 
growth. Disease incidence in Jogun increased rapidly after 80 days. 
Incidence climbed from 45.0 percent, 80 days after emergence, to 92.0 
percent 101 days after emergence. Mandell showed a rapid increase of 
incidence in 1963, with 98.2 percent of the population diseased 55 days 
after emergence. Diseased plants comprised 31.0 percent of the popu­
lation 59 days after emergence in 1962. Incidence increased slowly in 
Perry during the 1962 season. A maximum of 69.0 percent diseased plants 
were obtained 101 days after emergence for this year. In 1963, 69.9 
Table 2. Percent diseased plants in the stage of growth test, nursery A, 1962 






73 80  87 94 101 108 
Percent diseased^  
Flambeau 1.8% 0.0 5.4 9.1 14.5 18.0 12.6 18.0 16.2 
Kabott 11.4% 7.5 18.7 17.0 20.0 54.1 52.6 63.0 
Ontario 18.4 69.9% 76.6 83.5 78.4 85.1 93.5 93.2 88.4 88.3 
Korean 4.4 8 .9% 22 .2  28.8 41.8 35.4 48.8 37.5 70.0 75.0 '65.0 
Mandell 6.6 4.4 20.0% 13 .2  31.0 42.1 55.5 57 .4  64.2 93.0 95.5 82.4 
Jo gun 2.2 5.0 15.0 6.6^  22 .0  30 .0  35.5 45.0 59.9 76.0 92.0 
T135 y9 40.0 86.6 79.9 86.6% 99.8 86 .4  93 .0  93.2 93.2 
Perry 3.6 14.5 9.1% 12 .7  26.8 18 .5  34.9 40.0 60.3 69.0 61 .4  
Midwest 2 .2  2.5 0.0 2 .5  2 .2  11.0% 4.4 15.4 28 .7  30.8 26.3 33.1 
4^5 to 60 plants evaluated per variety per assay. 
^Begin flowering. 
Table 3. Percent diseased plants in the stage of growth test, nursery A, 1963 






64 70 77 91 114 
Percent diseased^  
Flambeau 0 ,0^  11.6 56.6 68.2 61.5 78 .1  71.6 
Kabott 3.3 18 .2^  19 .9  28 .2  31.6 46.5 59.9 
Ontario 16.6 63 .3^  76.6 90 .0  99 .9  93 .1  98.2 96.4 99 .8  
Korean. 0 .0  3.3^  8 .3  33 .3  61.5 79.9 84.9 94 .8  98.2 
Mandell 0 .0  21.6 51.6 78 .2^  98 .2  98 .1  99.8 96 .3  90.1 
T135 y9 11,6 68 .3  66.6 78 .2  99 .9% 98 .5  99 .8  99 .9  98.2 
Perry 0.0 4.9 26 .6  69 .gb  83 .2  86.5 96.6 98 .2  98 .1  99.1 
Midwest 0 .0  0 .0  1.6 3.3 1.6 6.6^  31.5 19.8 41 .5  63.2 
6^0 plants evaluated per variety per assay. 
^Begin flowering. 
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percent of the population were showing symptoms 46 days after emergence, 
nearly 100 percent of the population was found with BSR symptoms after 70 
days of growth. Midwest showed a slow increase in the number of plants 
with symptoms in both years. Marked increase in incidence occurred after 
73 days in 1962, and 64 days in 1963. The maximum incidence during 1962, 
33.1 percent, occurred after 108 days. During the 1963 season the in­
cidence at 91 days was 41.5 percent; at 114 days, 63.2 percent. Midwest 
maintained a relatively low incidence in both growing seasons, exceeding 
only Flambeau by 12.5 percent after 87 days in 1962. The Midwest popu­
lation had 6o7 percent less infected plants than any other variety popu­
lation at 39 days, 75.0 percent less at 77 days, and 35.9 percent less 
than Perry at 114 days of the 1963 season. 
Ontario, in 1962, showed a relatively high disease incidence, 18.4 
percent, at 27 days. Ontario and T135 y9 continued this trend 34 days 
after emergence with incidences of 69.9 and 40.0 percent. These values 
represented an increase of 66.2 and 34.2 percent over all other variety 
populations at this date. Incidence values were initially high for 
Ontario and T135 y9 in 1963, 16.6 and 11,6 percent 25 days after emer­
gence. After 32 days of growth the average increase in incidence of 
Ontario and T135 y9 was 45.0 and 48.3 percent above the mean for all 
other varieties. 
Midwest and Flambeau were the varieties most resistant to infection 
during the 1962 season. This reaction to resistance was not maintained 
by Flambeau and appeared to be less definite in Midwest under 1963 con­
ditions. 
Infection rate When the infection ratio was plotted against time 
in days as Log@ l/(l-x) , the slope obtained pr.oTided an indication of 
the units infected per day (Figure 1-A, B, C, D, E, F, G, E and I). Pre­
cision was reduced when x values approached and exceeded 0,865. Some 
slopes could not be readily determined beyond this value. Comparisons 
between the years for each variety indicated a distinct relationship of 
infection rates to the years. 
An. initial steep infection rate (Rl) occurred most often in 1963. 
Ontario, Korean, Mandell, T135 y9, and Perry exhibited single phase 
straight line slopes during 1963. Slopes plotted for these varieties 
from 1962 data indicated a much lower EI value. The varieties Flambeau, 
Kabott,- and Midwest became infected in a two-phase system. Infection 
rate in Flambeau was retarded after 46 days, while Kabott and Midwest were 
infected at a higher rate after 55 and 64 days. 
Infection rate slopes for 1962 often indicated the operation of a 
two-phase or three-phase system. A rate phase was considered as that 
portion of the rate plot which differed from either the preceding or 
following slope segments. The phases in Kabott, Korean, Mandell, Jogun, 
and Perry increased their infection rates as the plants approached matu­
rity. Flambeau became infected at an extremely low and even rate through­
out the season. This rate was in extreme contrast with that of 1963. 
Ontario became infected less rapidly after 34 days. The rate was main­
tained from this time to the last assay. Values plotted for T155 y9 were 
highly eratic. The probable slope was similar to that obtained in 1963; 
however, the slope rise was delayed by 7 to 20 days in 1962. Midwest was 
infected in a three-phase system. The second phase of this system was 
identical with the second phase of the 1963 season between 73 and 87 days 
Figure 1. Infection rate slopes and rate of symptom advance 
slopes plotted for stage of growth test varieties 
from the 1962 and 1963 seasons, varieties shomi as 
follows; Figure 1-A) Flambeau, 1-B) Kabott, 1-C) 
Ontario, 1-D) Korean, 1-E) Mandell,.1-F) Jogun, 
1-G) T155 y9, 1-H) Perry, l-l) Midwest. 
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Figure 1 (Continued). 
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after emergence. During this year the RI was retarded after 87 days of 
growth. 
Initiation of infection rate phases could neither be related to 
maturity group classification, nor to the vegetative,or reproductive 
stages of host growth (Table 4). Ontario and T135 y9 initiated a steep 
rise phase in both years prior to flowering. Infected plants were found 
in the Perry populations at the same time for each year. Similar steep 
rise phases occurred in Perry after flowering in 1962 and prior to flow­
ering in 1963. A steep rise phase, or initiation of a new phase occurred 
after flowering in Flambeau, Kabott, Korean, Mande11, and Midwest. 
Symptom distribution Mean nodal values, expressed as internodal 
length at which the browning symptoms terminated, differed among the 
varieties and between the years (Tables 5 and 6). Flambeau and Kabott 
Table 4. Days between flowering and initiation of infection or 
change in the rate of infection in the stage of growth 
test, nursery A 
1962 1965 
Before After Before After 
Variety flowering • flowering flowering flowering 
Days 

















21 0 0 
Table 5. Meaja nodal lengths of browning symptoms in the stage of growth test, nursery A, 1962 
Variety 27 34  42  52  
Days after emergence 
59 66 73 80 87 94 101 108 
Browning symptom length as mean nodes browned^  
Flambeau 1.0 0.0 1.3 1.2 2.4 3.9 3 .7  4 .7  5.0 
Kabott 1.5 2 .0  3 .2  2 .9  4.9 4 .2  4 .3  5.1 
Ontario 1.1 1.2 1 .9  3.2 3 .7  3 .8  4 .7  5.8 6.9 7.1 
Korean 1.0 1.1 1.0 1.3 1.5 2 .1  2 .6  4 .2  5.7 7 .4  8 .8  
Jogun 1 .0  2 .0  4 .1  3.7 3.5 4.3 6.7 7.8 8 .6  9 .2  11.5 
Mande11 1 .3  1 .0  1 .0  2 .3  4 .0  4.9 6 .2  8 .6  9.3 9.5 12 .2  11.4 
T135 y9 1.0 1.1 2 .2  4 .0  5.1 5.3 5.6 6 .9  11.4 
Perry 1.5 1.1 1.0 1.6 2 .7  3 .9  5.2 7 .3  7 .4  9.8 8.1 
Midwest 1.0 1.0 0.0 1.0 1.0 2.5 5.5 3 .6  3 .2  5.0 • 4 .8  6.7 
®'Data from observations on 45 - 60 plants per variety per assay. 
Table 6. Mean nodal lengths of browning symptoms in the stage of growth test, nursery A, 1963 




64 70 77 91 114 
Browning symptom length as mean nodes browned^  
Flambeau 1.7 1.9 2 .0  2 .9  3 .8  3 .8  
Kabott 1.5 1.9 2 .0  2 .6  3 .0  3 .6  3 .8  
Ontario 1.1 2 .6  3 .2  4.1 5.8 6.6 6.7 8 .2  9 .6  
Korean 1.0 1 .2- 1.5 3 .1  4 .0  5.4 6.7 10.1 
Mande11 1.7 1.9 2 .4  4 .3  6.3 6 .7  7 .3  10 .3  
T135 y9 1.0 1.3 1.6 2 .6  3 .6  5.6 6.1 7.3 8 .9  
Perry 2.0 1 .2  1 .8  2 .4  3 .2  4 .7  5.5 9.2 13.7 
Midwest • 2 .0  3 .4  4 .7  4.1 6.6 
D^ata from 60 observations per -variety per assay. 
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had a mazimim difference of 0.96 internode at 52 and 66 days in 1962. 
This difference was reduced to 0.08 internode at the last assay. Maximim 
difference hetvfeen these varieties in the 1963 season was 0,48 internode 
at 46 days, with 0.02 internode difference at test end. No other vari­
eties retained a relationship of less than 1.0 internode throughout either 
season. 
When varieties were ranked by the mean nodal value of browning symptom 
termination a decided order was obtained for a mid-test and test termi­
nation assay (Table 7). Deviation in Kabott for the mid-test assay dis­
rupted a potential identical ranking for both years. Terminal assay 
values for Perry and T135 y9 disrupted their equivalent ranking, as well 
as that of Ontario, between the years. 
Rate of advance of the browning symptom Plots showing the rate of 
symptom advance from the basal four internode s (RA.) differed greatly be­
tween the varieties (Figure 1-A, B, C, D, E, F, G, H and l). Less dif­
ference was noted between the years within individual varieties. High 
rates of infection and high rates of symptom advance occurred simultane­
ously in several varieties as indicated below. High rates of sjrmptom 
advance were not dependent upon high incidence rates. 
Advance of browning from the basal four internodes was observed 
earlier in 1963 than in 1962 within populations of Kabott, Mandell, 
T135 y9, and Perry. Earliness of symptom appearance above the basalfbur 
internodes appeared to be related to high infection rates in Mandell, 
T135 y9, and Perry. îîo such relation was evident in populations of the 
variety Kabott. 
High RA. values did not consistently coexist with high EI values in 
Table 7. Rank of varieties used in stage of growth test according to mean nodal length of browning 
symptom 
"^Siaion" 
1962* 1963^ 1962 1963 
Days after emergence 
62 55 108 114 
Rank Variety M.N.L.S.° Variety M.N.L.S. Variety M.N.L.S. Variety M.N.L.S. 
1 Midwest 1.0 Midwest 1.0 Flambeau 5.0 Flambeau 3.8 
2 Perry 1 .0  Perry 2.4 Kabott 5.1 Kabott 3 .8  
3 Flambeau 1 .2  Flambeau 2 .9  Midwest 6.7 Midwest 6.6 
4 Korean 1.3 Kabott 3.0 Ontario 7.1 T135 y9 8.9 
5 T135 y9 2 .2  Korean 3.1 Perry 8.1 Ontario 9.6 
6 Mandell 2 .3  T135 y9 5.6 Korean 8.8 Korean 10.1 
7 Kabott 3 .2  Mandell 4 .3  Mandell 11.4 Mandell 10.3 
8 Ontario 3.2 Ontario 5.8 T135 y9 11.4 Perry 13.7 
•^Means from observations on 45 to 60 plants. 
Hieans from observations on 60 plants. 
°Mean nodal length of symptom. 
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the varieties Flambeau, Jo gun, and Perry. Consistently high EA and low 
RI values were evident in Flambeau during the 1962 season. Values ob­
tained in 1963 indicated that a high RI existed early in the season with­
out symptom movement. The rates of infection and brown stem rot advance 
"Were indicated to be independent in this variety. Jo gun was highly sus­
ceptible to rapid upward movement of the pathogen throughout most of the 
growing season. Rate of symptom advance equalled or exceeded RI values 
throughout the season with the exception of the time between 80 and 87 
days after emergence. Symptoms were appearing above the four basal inter-
nodes more rapidly than they were being detected in that area. Almost 
equally high rates of advance occurred concurrently in the 1962 and 1963 
Perry populations. These rates of advance increased prior to an increase 
in the RI for 1962,and after initiation of a high RI in 1963. During both 
years the RA was highest at the prematurity stage of growth. The increase 
in RA values occurred during pod filling and filled pod stages In both 
years. 
Kabott rates of symptom advance for 1962 and 1963 were similar be­
tween 59 and 70 days after emergence. A decided phase change of the RA, 
which indicated a reduced rate of symptom advance at the approach of pre­
maturity, was observed in 1962 after 73 days of growth. Increases in RA 
values occurred with increases in RI values during the first 70 days of 
both seasons. 
Rates of symptom advance were less for Ontario in 1962 than in 1963, 
Values for RA showed a strong equality toward RI in both years. Durijig 
the 1962 season RI and RA were equivalent between 42 to 59, and 66 to 80 
days after emergence. Similar equivalent periods occurred in 1963 be-
•fcween 39 to 55 days, and 70 to 91 days after emergence. Symptom appear­
ance above the fifth node was initiated at approximately 40 days after 
emergence in both years. The EA was maintained at a high value for the 
first 16 days of symptom advance in 1963. Plants in the vegetative and 
reproductive stages of growth in each year had a similar rapid symptom 
advance. 
Rates of symptom advance in Korean appeared to be related to RI 
values. Stem browning moved to higher stem areas in near equality with 
appearance of new infections. Samples from 19 63 displayed this tendency 
more strongly than those from 1962. Movement was most rapid during the 
pod filling, filled pod, and prematurity stages of growth for both years. 
High RA values were present during the reproductive growth of the variety 
Korean. 
Symptom advance was rapid in Mande 11 after 66 days in 1962 and 49 
days in 1963. High values for RA were observed throughout 1963 with the 
exception of a period from 64 to 77 days. Values for RA closely paral­
leled those of RI in 1963. During 1962, high RA values were present from 
59 to.80 days after emergence. These exceeded the RI prior to 80 days 
after emergence. Symptom advance was slowed between 80 and 94 days but 
was extremely high after 94 days. Advance of the symptom from the basal 
stem area was more closely related between the years than the RI values, 
Poor sampling conditions for T135 y9 in 1962 may have contributed 
to the eratic results obtained for this season. High RA values after 55 
days in 1963 equalled those of the RI.- Symptoms advanced from the plant 
base in equality with their detection. Cause of the reduction in the RA 
at 77 days could not be defined. 
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The extreme dîTersity of SA values obtained for Midwest prior to 90 
days after emergence were due to the low disease incidence (Tables 2 and 
3). A definite rise in RA after 94 and 91 days for 1962 and 1963 was 
probably indicative of increased susceptibility to symptom movement during 
the reproductive growth stages of Midwest. 
Brovming symptom length distribution Symptom distributions, 
plotted as the number of browning symptoms that terminated within 6 cm 
increments of stem length, provided information on the movement of the 
disease through infected populations (Figure 2-A, B, C, D, E, F, G and 
H). Large numbers of browning symptoms, or plot peaks, representing a 
single or related group of 6 cm increments were considered as indications 
of the presence of variety sub-populations, representing various degrees 
of susceptibility to browning symptom movement. 
Flambeau, Kabott, and Midwest populations did not have brovming 
symptoms exceeding 60 cm. These varieties displayed a single peal: dis­
tribution at 70 days after emergence. Peaks of Flambeau and Midwest in­
cluded a concentration of browning s^ rmptoms whose lengths ranged between 
6 and 12 cm. Both varieties were considered resistant to symptom develop­
ment. Kabott symptoms were concentrated at a slightly higher value be­
tween 12 and 18 cm. Peak intensity was highest in Flambeau and lowest in 
Midwest. Midwest was assayed at the full bloom stage, while both Flambeau 
and Kabott were in the prematurity stage of growth at this evaluation. 
Midwest distribution patterns changed to a low intensity bimodal distri­
bution at the approach of prematurity. Flambeau, Kabott, and Midwest 
were considered resistant upward growth of the pathogen in the stem. 
Lengths of browning in T135 y9 were clustered between 18 and 24 cm 
Figure 2. Seasonal symptom distribution in the stage of growth test 
varieties plotted as the total number of disease observations 
of 60 examinations per assay,, varieties shovna as follows: 
Figure E-A) Flambeau, 2-B) Kabott, 2-C) Ontario, 2-D) Korean, 
2-E) Mandell, 2-F)'T135 y9, 2-G) Perry, and 2-H) Midwest. 
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Figure 2  (Continued). 
FIGURE 2-6 
PERRY 





Figure 2 (Continued). 
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at 70 days after emergence. This single peak distribution was displaced 
by a bimodal distribution with concentrations at 18 to 30 cm and 54 to 60 
cm at 91 days, or the prematurity stage. 
Browning plot points for Korean spread from a concentration between 
6 and 18 cm at 64 days, to a pattern of three apices at 91 days. Peaks 
were distinct at 48, 66, and 96 cm. Point values representing symptoms 
of 48 cm or less were found in 35,5 percent of the diseased population. 
Korean was thought to contain a sub-population with low to moderate 
horizontal or field resistance. 
Symptom lengths within the Ontario population developed a somewhat 
bell shaped distribution pattern at the terminal assay. Symptom lengths 
comprising the apex of this pattern ranged between 60 and 72 cm, and 
accounted for 60.0 percent of the infected population. Ontario dis­
tribution patterns strongly indicated that this variety was comprised 
of a single population, highly susceptible to development of the pathogen 
within the stem. 
All symptom lengths were 48 cm or longer when populations of Perry 
were evaluated 114 days after emergence. Distribution at this time pro­
vided a bimodal curve with peaks at 72 and 114 cm. Comparison with Mid­
west at 114 days accounted for a complete reversion of symptom develop­
ment between these two varieties of maturity Group IV. At 91 days Perry 
symptom lengths were somewhat randomly distributed; however, a distinct 
peak was formed by symptom lengths of 72 to 84 cm. Intensity at 114 cm 
in the last assay may have represented elongation of the browning symptoms 
grouped in the 91 day peak. Perry was considered extremely susceptible 
to upward movement of the pathogen. 
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Mandell populations contained broTsning symptoms lengths which were 
more evenly distributed at 91 days than any other variety. This evenness 
was broken by a slight increase between 72 and 90 cm, and decreases at 54 
and 42 cm. Mandell did not indicate the presence of resistant or sus­
ceptible sub-populations, but appeared to represent a mixture of all de­
grees of horizontal susceptibility. 
Distribution plot configurations were not dependent upon days after 
emergence. A comparison of the 70 day assay, a period available for all 
varieties, showed similar less susceptible configurations in Flambeau, 
Kabott, T135 y9, and Midwest. Ontario, Korean, Mandell, and Perry pro­
vided data that produced plots of various degrees of increased sus­
ceptibility to symptom development by the pathogen for the same period. 
Plots constructed from data of the terminal or prematurity assay were 
most indicative of the actual degree of horizontal resistance to C. 
gregatum. 
Stage of growth could not be related to browning symptom development 
or to the length of browning. Maturity group classifications did not 
effect browning symptom length distributions. 
Relative rate of stem browning increase Calculated p values, or 
relative rates of increase of stem browning,within the variety popu­
lations were independent of definite growth stages and days after emer­
gence (Table 8). 
Highest rates of stem browning increase occurred prior to 55 days 
in Kabott, Ontario, Korean, Mandell, and T135 y9. Varieties with highest 
rates of stem browning increase after 55 days were Flambeau, Perry, and 
Midwest. With the exception of Flambeau the highest rates of stem brown-
Table 8. Relative rates of stem brovming increase, p values, which occurred within the entire 
populations of varieties used in the stage of growth test 
Days after emergence 
Variety 25-32 32-39 39-46 46-55 55-64 64-70 70-77 77-91 91-114 
Relative rate of stem browning®-^  
Flambeau _c 0. ,015 0. ,016 0, .039 0, ,049 0. ,003 
Kabott 0. 056 0. ,024° 0. ,035 0. ,042 0. ,023 0, ,032 
Ontario 0. ,109 0, .039° 0, .037 0, .058 0. ,021 0. ,008 0, .044 0, .014 
Korean 0. ,056° 0. ,025 0, .104 0, ,038 0, .069 0. .039 0. 040 
Mande11 0. ,055 0. ,034 0, .086° 0, ,053 0. ,022 0, ,028 0. ,032 
T136 y9 0. ,036 0. 093 0. ,031 0. ,049 0. ,065° 0. 025 0. ,031 0. ,030 
Perry 0. 046 0. ,041° 0. 048 0. 094 0. .027 0. ,050 
Midwest 0. ,058 0. ,049° 0. ,048 0. ,011 
= 1 LOgg  ^. 
tg - xi 
C^alculations from means of 60 plants per variety per assay. 
°Full bloom stage of growth. 
ing increase occurred prior to the pod filling stage. Rates calculated 
for the terminal assay or prematurity stage were always lower than, or 
equal to rates of the previous assay. Reduction in host stem elongation 
did not increase the relative rate at which stems browned. 
Absolute elongation rates Absolute rates of diseased plant stem 
length and brovming symptom elongation increase were independent within 
and between varieties (Table 9). Stem termination and maturity group 
classification were not related to rate trends. In most varieties the 
rate of symptom elongation increased from first assay, to prematurity. 
Rates of symptom elongation in Ontario were higher than, or equal to com­
parable rates in other varieties during the first 55 days of growth and 
prior to the full bloom stage. Increases in the rate of symptom elongation 
were most pronounced at the time of, or immediately after flowering in 
varieties Korean, Mande11, T135 y9. Perry, and Midwest. Flambeau did not 
show symptoms at the full bloom stage. No increase in the symptom elonga­
tion rate was apparent in this variety until approximately 23 days after 
the full bloom stage. The rate of sjonptom elongation in Kabott was mark­
edly depressed at the time of full bloom. An early, high rate of elonga­
tion in this variety exceeded that for other varieties betvreen 25 and 32 
days after emergence. 
Reduction in the rate of stem length increase at pod filling and plump 
pod stages of growth caused the rate of symptom elongation to exceed that 
of stem length increase during these periods. The maximum rate of symptom 
elongation never exceeded the maximum rate of stem length increase. 
TJhen mean rates of stem and symptom .elongation were compiled for the 
growing season, a distinct difference between varieties was obtained 
Table 9. Absolute rates of stem length increase and brovming symptom elongation per day for 








55-64 64-70 70-77 77-91 91-114 
Mean 
Mean 
stem elongation rate per dayt> 
symptom length increase per day 
-
Centimeters 
Flambeau 3.0 0.00° 2.92 2.21 2.23 0.18 0.18 
0.00 0.14 0.16 0.36 0.66 0.16 
Kabott 3.0 2.81 3.00° 1.40 0.75 0.01 0.71 
0.31 0.17 0.31 0.43 0.40 0.66 
Ontario 2.0 2.22 2.18° 1.75 1.62 1.02 1.53 0.04 0.01 
• 
0.71 0.42 0.54 1.22 0.66 0.80 1.81 0.48 
Korean 2.0 2.10 2.04° 2.12 1.26 1.10 1.52 0.03 
0.20 0.11 0.82 0.56 1.51 1.17 1.87 
Mande11 3.0 2.70 1.84 2.47° 1.04 3.43 2.32 1.27 
0.34 0.30 1.23 1.41 0.80 1.05 1.75 
T135 y9 M MM 1.81 1.26 2.01 1.83 1.55° 1.09 1.46 0.60 
0.08 0.32 0.20 0.37 0.84 0.46 0.67 0.90 
Perry 3.6 2.12 2.10 1.60° 2.39 1.04 0.51 0.17 
0.22 0.28 0.50 1. 65 0.70 2.04 1.48 
Midwest 1.0 1.68 0.75° 1.10 1.23 0.20 
077% ÔTÏÏS 0.42 
l^oO very determinate to 5.0 very indeterminate. 
D^ata from 60 plants per variety per assay. 
°Full bloom stage of growth. 
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(Table lO). -Ratios of these rates of increase showed a distinct independ­
ence of host stem growth and brown stem rot development between varieties. 
Table 10. Rate of daily symptom length and stem length increase, and 
ratios of these values in the stage of growth test, nursery 
A, 1963, 










Ratio of symptom 
to stem length 
increase 
Flambeau 0. .25 1, .44 .17 
Kabott 0. .36 1, .29 .28 
Ontario 0. ,65 1, .09 .60 
Korean 0. 67 1, .26 .53 
Mande11 0. 81 1, .74 .46 
T135 y9 0. 41 1. 16 .36 
Perry 0. ,79 1. 14 .69 
Midwest 0. 27 1, .06 .25 
%ata from a sample of 60 plants per variety. 
Differences, throughout the 1963 season, between varieties and assay 
dates were indicated for the ratios of browning sjnaptom length to total 
length of the diseased stem (Table ll). Such ratios were analysed to 
determine the significance of replications, varieties and days after 
emergence. Linear regression analysis for Y (ratio values) on X(days 
after emergence) provided values for the deviation from regression which 
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Table 11. Ratios of broYfning symptom length to length of diseased stems 
in the 1963 stage of growth test, nursery A, 1963 
Days after emergence 
Variety 25 32 34 46 55 64 70 77 91 114 
Ratio of browning symptom to diseased stem length 
Flambeau .00 .10 .11 .10 .11 .17 .17 
Kabott .08 .11 .12 .12 .19 .22 .25 
Ontario .14 .22 .24 .25 .34 .37 . 35 .50 .61 
Korean .00 .04 .05 .07 .13 
CO . 1—I 
.25 .30 .53 
Mande11 .00 .09 .12 
to 1—1 
.21 .32 .31 .34 .46 
T135 y9 .11 .10 .14 .12 .14 .20 .23 .25 .35 
Perry .00 .03 .08 .09 .10 .13 .20 .23 .44 
Midwest .00 .00 .00 .00 .02 .09 .14 .13 .18 
•^Measurements in cm from 60 observations per variety per assay^  
R^egression for ratio (Y) on days after emergence (X), and analysis 
of variance computed. 
were proven homogeneous by Bartlett's test for homogeneity of variances 
(Tables 1, 2 ,  3, 4, 5 and 6, Appendix). A homogeneity of the deviation 
from regression was obtained for all varieties throughout the test period, 
= 14.94, d.f. 7; for all varieties at 70 days, = 17.55, d.f. 7j for 
Flambeau and Kabott at 70 days, "jè - 1.57, d.f. 1; for Ontario, Korean, 
Mande11, T135 y9. Perry, and Midwest at 91 days, = 7.98, d.f. 5; for 
2 Ontario, Korean, Mandell, and T135 y9 at 91 days after emergence, X = 
5.16, d.f. 3. Deviation from regression was not found to be homogeneous 
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when Perry and Midwest were tested through 114 days after emergence (Table 
6, Appendix). Homogeneity indicated that the factors which contributed 
to the deviation from regression were the same for each variety. 
Deviation from regression was mainly composed of experimental error. 
Mean deviations from regression (Tables 2, 3, 5 and 6, Appendix) were com­
pared to the analysis of variance error mean squares (Tables 7, 8, 9 and 
10, Appendix) as follows : all varieties 70 days after emergence, .00229 
to .00203; Flambeau and Kabott 70 days, .00348 to .00300; Ontario, Korean, 
Mande11, and T135 y9 at 91 days, .00378 to .00315; and Perry and Midwest 
at 114 days after emergence, .00381 to .00158. By these comparisons the 
linear regression model was valid for ratios in all the varieties, except 
in the comparison of Perry and Midwest. 
The difference of ratios between Perry and Midwest from 70 days after 
emergence (Table ll) was probably responsible for the indication of a 
quadratic effect in the Perry, Midwest analysis. Heterogeneity of the 
deviations from regression for these two varieties, when the varieties were 
considered alone, indicated that some factor other than experimental error 
alone was responsible for ratio differences betvreen these varieties. 
Analysis of the ratio data showed that the slope of Y on X was signif­
icantly different between varieties when all varieties were compared at 70 
days after emergence. Significant differences of slopes were also apparent 
between Ontario, Korean, Mande 11, and T135 y9 at 91 days, and betvreen 
Perry and Midwest at 114 days after emergence. The indication of slope 
differences was obtained by F test of the interaction between varieties 
and days after emergence (Tables 7, 9 and 10, Appendix). The slopes of 
Flambeau, and Kabott did not differ significantly when these two varieties 
62 
were compared (Table 8, Appendix). 
Ratio differences for varieties and days after emergence were, signif­
icant at the one'percent level in most comparisons (Tables 7, 9 and 10, 
Appendix), A five percent significance level for varieties was obtained 
in the Flambeau, Kabott analysis (Table 8, Appendix). Ratio data of these 
two varieties strongly tended to share a common mean. 
Ratio data did not vary significantly between replications. Measure­
ments incorporated into ratio data were considered to be representative of 
variety means. 
Temperature effects All temperature effects were based on data 
from the stage of growth test. Browning symptom measurement criteria 
could not be related to the cardinal temperatures for brovming symptom 
development as defined by Allington and Chamberlain (1948); browning 
developed at 15° C, was almost inhibited at 21° C, and did not spread at 
27° C. Previously described varietal divergences for the rate of browning 
symptom movement, relative rates of stem browning increase, and absolute 
rates of browning symptom elongation indicated that development of the 
BSR symptom was dependent upon more complex control than that of temper­
ature alone. 
Browning symptom extension increased in a general way as the season 
progressed (Tables 5, 6, and 9). The hours per 6° F air temperature in­
crement also increased in the low temperature increment values, and de­
creased in the higher temperature increment values as the growing season 
progressed (Tables 12 and 15). Total elapsed hours and mean number of 
hours per day per increment for the time between each assay, showed that 
a predominance of these values were above the defined temperature for 
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Table 12. Time elapsed between 1962 stage of growth test assays at 6° F 
increments 
Days 6° F temperature increments 
after 
emergence 36-41 42-47 48-53 54-59 60-65 66-71 72-77 78-83 84-89 90-95 96-101 
Hours 
27-34 Af 8.0 38.0 25.0 24.0 20.0 38.0 15.0 
1.14 5.42 3.57 3.42 2.85 5.42 2.14 
34-42 A 6.0 51.0 41.0 30.0 36.0 21.5 6.5 
B 0.75 6.37 5.13 3.75 4.50 2.68 0.81 
42-52 A 5.0 57.0 93.0 24.0 22.5 23.0 9.5 6.0 
B 0.50 5.70 9.30 2.40 2.25 2.30 0.9.5 0.60 
52-59 A 8.0 35.0 45.5 35.0 30.5 14.0 

























4.0 24.0 28.5 
0.50 3.00 3.56 
17.5 32.0 37.0 
2.50 4.57 5.28 
40.0 38.5 33.5 
5.71 5.50 4.78 
23.5 46.0 29.0 
3.35 6.57 4.14 
56.5 21.5 25.5 
8.07 3.07 3.64 
33.5 33.0 32.0 
4.78 4.71 4.57 
38.0 24.5 24.5 
5.42 3.50 3.50 
36.5 37.5 18.5 
4.56 4.68 2.31 
31.0 27.5 3.0 







27.5 14.0 1.5 
3.92 2.00 0.21 
20.0 20.0 3.5 
2.85 2.85 0.50 
25.5 14.0 3.5 
3.18 1.75 0.43 
5.0 
0.71 
®Total hours of plant exposure at indicated temperature. 
e^an number of hours per day at indicated temperature. 
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Table 13. Time elapsed between 1963 stage of growth test assays at 6° F 
increments 
Days 6° F temperature increments 
after 
emergence ' 36-41 42-47 48-53 54-59 60-65 66-71 72-77 78-83 84-89 90-95 96-101 
Sours 
25-32 Af 8.5 48.5 31.0 26.0 27.5 22.0 4.5 
B" 1.21 6.92 4.42 3.71 3.92 3.14 0.64 
32-39 A 14.5 47.5 38.5 40.0 22.5 5.0 
B 2.07 6.78 5.50 5.71 3.21 0.71 
39-46 A 2.5 21.5 52.5 26.5 20.0 36.0 9.0 
B 0.35 3.07 7.50 3.78 2.85 5.14 1.28 
46-55 A 1.0 36.5 60.5 34.0 47.0 36.0 1.0 
B 0.11 4.05 6.72 3.77 5.22 4.00 0.11 
55-64 A 17.0 39.0 38.5 31.0 32.5 34.0 
B 2.12 4.87 4.81 3.87 4.06 4.25 
64-70 A 4.0 20.0 73.0 30.0 19.5 21.0 0.5 
B 0.57 2.85 10.42 4.28 2.78 3.0 0.07 
70-77 A 15.0 13.5 39.5 42.5 22.0 29.5 6.0 
B 2.14 1.92 5.64 6.07 3.14 4.21 0.85 
77-91 A 7.5 24.5 57.0 88.5 67.5 51.0 31.0 ,9..0 
B 0.53 1.75 4.07 6.32 4.82 3.64 2.21 0.64 
91-114 A 13.0 17.5 55.0 130.5 143.5 112.0 67.0 25.5 8.0 
B 0.56 0.76 2.39 4.80 6.23 4.86 2.91 1.10 0.34 
®^ 'otal hours of plant exposure at indicated temperature, 
e^an number of hours per day at indicated temperature. 
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symptom development, 59° F. Mean values for the hours per day during 
which the air temperature was above the symptom inhibition level, 71° F, 
decreased with increase in days after emergence. Although air tempera­
ture data taken under field conditions showed an. increase in hours at low 
temperature increments with the progression of the season, no distinct 
relationship of lowered air temperature to an increase in symptom develop­
ment was obtained. Daily fluctuations in air temperature could not be 
related to BSE disease parameters of the stage of growth test. 
Group II varieties test 
ÏÏ0 definite relationship of time between flowering and maturity, to 
extension of the browning symptom was evident in this study. Sousei, 
Goku, and Mukden showed a higher degree of horizontal resistance when 
compared with other varieties on the basis of percent of the diseased 
stem length browned, mean nodal symptom length, and mean symptom length 
in cm (Table 14). Hawkeye was intermediate in horizontal resistance, 
while Bansei, Eanro, and Richland were susceptible. Mean length of dis­
eased plants was not related to the mean of symptom length. Mean nodal 
symptom length values were not related to mean symptom length values when 
all varieties were considered. 
Disease incidence was high in all varieties except Sousei. Percent 
of the diseased stem length broTmed, a horizontal resistance measurement, 
was not dependent upon incidence values. 
Symptom distribution plots provided information on sjmiptom numbers 
with regard to degree of symptom extension (Figure 3). Sousei had tvsro, 
and Goku had one representative with symptoms which extended beyond half 
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Sousei 60.00 23.65 5.55 22.60 92.61 
Goku 93.33 24.80 5.95 22.97 95.56 
Bansei 73.33 57.11 9.12 42.59 74.57 
Kanro 77.77 41.75 . 7.40 33.51 80.25 
Hawkeye 71.11 36.95 7.96 45.93 124.35 
Mukden 71.11 27.90 6.71 34.14 133.12 
Richland 97.77 54.67 11.84 59.01 107.94 
A^ll calculations based on a sample of 45 plants per variety. 
of the mean diseased plant heights. These varieties may have been com­
posed of a single population containing a homogeneous genome for hori­
zontal resistance to BSR. This was indicated by single, low order dis­
tribution peaks. The Mukden population was comprised of irregularly dis­
tributed symptom lengths which were predominately located below half of 
the mean diseased plant length. Eawkeye carried a complete randomness 
of symptom lengths. A single susceptible sub-population was evident from 
a plot of the Richland-population. Approximately 68 percent of the 
symptom lengths exceeded half of the mean diseased plant height. Bansei 
and Kanro symptom lengths were distributed throughout the mean diseased 
plant height. Sub-populations of Bansei were more susceptible than Kanro. 
Figure 3. Browning symptom distributions, based upon 6 cm stem 
length increments, obtained from Group II "varieties 
test 84 days after emergence. Varietur plots represent 
the totals of 45 observations per varie "by; varieties 
are shown as follows : Figure 3-A) Sousei, 3-B) Goku, 
3-C) Bansei, 3-D) Kanro, 3-E) Hawkeye, 3-F) Mukden, 
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FIGURE 3-B 
GOKU 
MEAN DISEASED PLANT HEIGHT 
95.56 CM. 
' ' ' ' ' I I j 
FIGURE 3-C 
BANSEI 
MEAN DISEASED PLANT 
HEIGHT 74.57 
t » 1 1 1 I » I : I 
FIGURE 3—D 
KANRO 
MEAN DISEASED PLANT HEIGHT 
80.25 CM 
6 12 18 24 30 364248 546066 72 
BROWNING SYMPTOM LENGTH IN CM 
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Figure 3 (Continued). 
FIGURE 3-E 
HAWKEYE 
MEAN DISEASED PLANT HEIGHT 
124.35CM 
a 
FIGURE 3- F 
MUKDEN 
MEAN DISEASED PLANT 
HEIGHT 133.12 CM 
figure 3-G 
RICHLAND 
MEAN DISEASED. PLANT 
HEIGHT I0794CM 
6 12 18 24 30364248 5460667278 84 90 
BROWNING SYMPTOM LENGTH IN CM 
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A single susceptible sub-population of Kanro had a symptom length con­
centration at half of the mean diseased stem length. The plot configu­
ration of Bansei indicated the presence of equal numbers of susceptible 
and resistant plants. 
Date of planting studies 
Unequal growth periods Absolute disease incidence rates, cal­
culated as percent of the population infected per day, varied among the 
varieties (Table 15). High incidence rates of Lincoln and maintainaace 
of someiAfhat stable rates in the Early ana population were due to short­
ening of the growth period and not to an. increase in numbers of diseased 
plants. Reduction of the rates in Hawkeye and the increase in Dorman was 
a function of the number of diseased plants per population. 
A trend was indicated for maturity groups through the four planting 
dates. Earlyana and Hawkeye had fewer infected plants per population in 
the fourth planting date, while Lincoln remained constant and the Dorman 
diseased populations increased. 
Decrease in mean browning symptom length was uniform between the 
planting dates within the varieties when absolute daily reduction rates 
were calculated from the first date of planting (Table 16). Uniformity 
of rates within varieties indicated that the rate of browning symptom 
extension was not reduced by late planting. The rate of symptom length 
decrease was a function of time of growth after emergence and controlled 
within the variety. 
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Table 15. BSE disease incidence rates and total incidence values for 
four planting date groups of the 1962 season 
Date of emergence 
5-25 6-11 6-21 7-6 -
Days from emergence to assay 
Variety 104 87 77 62 
"P p" A B A B A B 
Percent® 
Earlyana 0, ,81 84. ,0 0, .87 76, .0 1. ,01 78, .0 0. .87 54. 0 
Hawkeye 0. .63 66, .0 0, .64 56, .0 0, .47 36. 0 0, .42 26. 0 
Lincoln 0. ,73 76, .0 0. .92 80, .0 1, .06 82, .0 1, .23 76, .0 
Dorman 0. ,56 58, .0 0, .57 50, .0 1. .23 62, .0 1, .16 72, 0 
a^te of incidence as percent new symptoms per day. 
Percent of population with symptoms. 
°Data from observations on 45 plants per variety per date. 
Table 16. Mean daily decrease of nodal symptom lengths of second, third, 
and fourth planting dates calculated as difference from the 
first planting date means 
Plantings 
Symptom extension 2nd 3rd 4th 
as mean nodes Symptom length decrease 






0. ,12 0. ,14 0. .16 
Hawkeye 9.6 0, ,03 0. ,13 0, .19 
Lincoln 10.9 0, .26 0, .22 0, .21 
Dorman 8.6 0. ,18 0, ,14 0, .17 
D^ata from observations on 45 plants per variety per planting. 
72 
Equal growth periods Absolute incidence rates were highly uniform 
among the varieties Earlyana, Lincoln, and Dorman for the growth periods 
beginning June 10 and 19 (Table 17). Identical rates occurred in Earlyana 
and Dorman of the May 31 period, Lincoln and Dorman of the June 10 period, 
and in Earlyana and Hawkeye of the July 17 period. Incidence rate values 
dropped sharply in all -varieties except Hawkeye for the group emerging 
July 17. Hawkeye incidence rates did not indicate a definite trend. 
Table 17. Disease incidence and browning symptom extension rates affecting 
five dates of planting which were assayed after comparable gro-srbh 
periods in the 1963 season Ï 
Date of emergence 
5-31 6-10 6-19 6-30 7-17 
59 
Days from emergence to assay 





















Earlyana 1.5 0.48 1.6 0.58 1.6 0.48 1.4 0.36 0.6 0.11 
Hawkeye 0.2 0.26 0.7 0.20 0.4 0.13 0.9 0.12 0.6 0.17 
Lincoln 1.4 0.14 1.6 0.15 1.5 0.12 1.6 0.13 0.6 0.10 
Dorman 1.5 0.15 1.6 0.27 1.6 0.29 1.5 0.16 0.9 0.16 
R^ate of incidence as percent new symptoms per day. 
R^ate of symptom extension as cm per day. 
°Data from 45 plants per -variety pér date. 
Symptom extension rates varied between the periods and varieties 
(Table 17). Decreases or increases as large as 50 percent were common. 
Earlyana and Hawkeye showed a marked decrease with the season. Rates for 
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Dorman were higher during the middle season periods than diiring the normal 
and late season periods. Lincoln maintained a low browning symptom exten­
sion rate through all periods. However, this rate was reduced by 33.3 
percent during the last period. 
The rate of disease incidence was not related to the rate of symptom 
extension. Rates of extension were primarily dependent upon the variety. 
ÎTo such dependence was evidenced by incidence rates. Maturity group 
classification did not appear to be related to either rate values. Envi­
ronmental or unobserved gro?rth factors may have controlled both rates with­
in the varieties. This control was evidenced by incidence rates of the 
last growth period. 
Inoculation test 
Control inoculations Brown stem rot symptoms were absent in all 
iminoculated control plants and in plants inoculated with autoclaved C. 
gregatum or viable Fusarium sp. Initial discoloration was present at the 
site of wounding but did not extend beyond the internodal area above the 
stem puncture. 
Test inoculations Differences in virulence were present among 
isolates B-1, YB-1, and YB. Evaluation of symptom extension on a nodal 
basis did not evidence a concrete differentiation of susceptibility be­
tween varieties (Table 18). Earosoy was considered as qualitatively re­
sistant when compared by symptom extension to T135 y9, Hawkeye, and 
Chippewa. Isolate YB-1 produced the highest percentage of browning 
symptoms in the upper areas of symptom extension in all varieties. Dif­
ferentiation of virulence between isolates B-1 and YB was not as distinct 
Table 18. Nodaiv symptom terminations of inoculated plants expressed as percent of symptoms termi­
nating at the indicated node 
Variety 
T155 y9 Harosoy Hawkeye Chippewa 
Node Isolates 
B-1 XB-1 YB B-1 YB-1 YB B-1 YB-1 YB B-1 YB-1 YB 
Percent of plants with sjrmptoms ; at indicated node^  
2 1.5 2.0 2.0 5.5 1.5 0.6 0.5 1.0 2.5 
3 0.0 1.0 4.0 11.5 3.5 5.5 1.0 1.5 4.0 2.0 
4 1.0 1.0 8.0 12.0 11.0 15.0 4.5 2.0 5.0 2.6 3.5 2.5 
5 5.5 4.5 7.5 17.0 19.0 20.5 7.5 7.0 12.0 5.5 9.0 15.5 
6 13.5 9.0 13.6 13.0 22.5 19.0 14.5 13.0 19.0 17.6 8.0 15.5 
7 28.6 15.0 21.0 2.5 13.5 9.5 22.0 13.5 17.0 13.0 20.0 15.5 
8 25.0 29.5 14.0 1.5 7.5 2.5 21.0 17.0 18.0 12.0 22.0 23.5 
9 7.5 15.0 7.5 0.5 1.0 0.5 8.6 14.5 4.0 6.5 18.0 6.5 
10 5.0 7.5 2.0 1.0 0.6 2.5 6.5 2.0 1.0 7.5 5.5 
11 1.5 2.5 2.5 1.0 1.0 4.0 2.0 1.0 2.0 2.5 
12 2.0 1.0 0.5 1.0 
Percent 
• infection 80.0 89.0 83.0 64.5 81.0 73.0 83.5 80.0 84.0 63.5 90.0 87.0 
&Data from 100 plants per isolate per variety. 
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as between YB-1 and B-1, or YB-1 and YB. Isolate YB-1 was considered to 
be a high Tirulence biotype. 
Fewer successful inoculations were made with isolate B-1 in the 
varieties Harosoy and Chippewa. All isolates were equally capable of 
infecting T135 y9 and Havtrkeye. These circumstances may indicate the 
operation of a host genome with some resistance to a single biotype. 
Graft tests 
Reciprocal grafts Disease parameters of percent incidence, per­
cent of diseased stem browned, and the mean length of the brovjning symptom 
were related to the scion variety (Table 19). Midwest stocks did not 
alter the susceptibility of Ontario scions. Inversely, some decrease in 
resistance of the î.îidwest scions was evident when they were grown on Ontario 
stocks. Parameter differences between Ontario and Midwest scions were con­
sidered definite enough to resolve the presence of resistance. 
Comparisons of roots and stems of each variety for susceptibility to 
infection and to symptom development showed that roots of Ontario and Mid­
west could be equally susceptible to infection. The mitigating influence 
on susceptibility to symptom spread and development was located in the 
aerial plant parts of the variety Midwest. Ontario plants did not show 
this influence. 
Approach grafts Differences in browning symptom lengths were not 
evident under greenhouse conditions when inoculated plants of variety 
inter grafts, intragrafts, and ungrafted controls were compared. The broivn-
ing symptom did not traverse the graft union between the same or different 
varieties. Ungrafted controls of Mi divest and Ontario produced mean brown-
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Table 19. Disease parameters of the reciprocal graft test which show 















Midwest no graft 50 12.0 17.8 13.8 
Midwest taped 
no graft 
50 9.8 19.0 13.7 
Midwest scion 
Midwest stock 
70 5.8 17.2 12.4 
Ontario scion 
Midwest stock 
84 97.1 42.5 33.0 
Ontario no graft 58 91.4 45.0 37.6 
Ontario taped 
no graft 
50 100.0 48.4 40.1 
Ontario scion 
Ontario stock 
50 97.7 44.0 34.9 
Midwest scion 
Ontario stock 
86 27.9 20.2 15.0 
ing symptom lengths equal to their respective grafted and inoculated counr-
terparts. 
Field grown, approach grafted pairs of Midwest and Ontario did not 
differ in disease incidence or broTjning symptom length from the ungrafted 
controls. Location of the browning symptom above the graft union never 
indicated its movement occurred between grafted pairs. 
Neither the pathogen nor a tissue browning metabolic product of the 
pathogen was passed between members of intervarietal or intravarietal 
grafts. The mitigating influence, indicated in Midwest/Ontario reciprocal 
grafts, did not evidence its presence iwhen Midwest azid Ontario were ap­
proach grafted under greenhouse or field conditions. 
Floral induction study 
Mean values of nodal isjonptom extension were not related to earliness 
or lateness of floral induction among the varieties Flambeau, Earosoy, and 
Wilson. At 29 days after emergence, flowering was not evident in any 
variety. Symptom extension was minimal in Flambeau and Wilson, and symp­
toms were absent in Earosoy at this time (Table 20). Flowering was initi­
ated after 32 days groir/th in Flambeau and 39 days in Earosoy. lo flowers 
were present on the variety Wilson prior to assay at 59 days after emer­
gence. 
When the symptom extension was assayed at 59 days after emergence, 
symptom lengths ranged to node 11 in Wilson and to node 7 in Flambeau and 
Earosoy. Mean nodal lengths for the total of all plants examined varied 
from 13 in Flambeau and Earosoy to 18 in Wilson populations. Increase in 
the number of nodes per plant for the variety Wilson may have been respon­
sible for the increase in symptom length range for this variety. 
Diseased plants of Flambeau and Earosoy had 80.4 and 82.5 percent of 
the symptoms terminating at or below the third node at 59 days after emer­
gence. The browning symptom, terminations in Flambeau were grouped between 
nodes one and tvro while those of Earosoy were found concentrated below the 
unifoliate node. Diseased plants from the Wilson populations had fewer 
symptoms terminating below node three, 62.4 percent, than did Flambeau or 
Earosoy populations. . This reduction was accounted for by the almost equal 
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Table 20. Symptom extension in floral induction study calculated as per­
cent of the diseased population "with symptoms terminating at 








59 29 59 
Percent of diseased population with symptoms at indicated node®" 
1 94.1 12.6 0.0 52.5 90.0 8.3 
2 5.9 50.6 15.0 10.0 26.6 
3 17.2 15.0 27.5 
4 6.9 7.5 22.0 
5 6.9 2.5 9.2 
6 4.6 5.0 1.8 
7 
8 








of 1.1 2.6 0.0 2.3 1.2 3.3 
&Data from, 120 plants per variety per date. 
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dispersion of symptom terminations below nodes two, three, and four. 
The 7 day increase in the vegetative stage of Harosoy had no effect 
on the increase of nodal symptom length over that of the Flambeau popu­
lation. Symptom extension during the completely vegetative growth of 
Wilson exceeded that of both Flambeau and Harosoy. 
Mean nodal values of symptom length showed Flambeau symptoms to be 
0.30 internode longer than Harosoy. The Wilson mean nodal value was 0.91 
internode longer than Harosoy and 0.61 internode longer than Flambeau. 
By merit of the order of expected floral induction and actual initiation 
of macroscopic floral organs, floral induction did not appear to be related 
to nodal sjrraptom extension. 
Vegetative stage test 
Vegetative growth periods were increased in all varieties by the 
extended daylength treatment (Table 21). This increase in days from emer­
gence to flowering over the controls was observed as follows : Bansei and 
Kanro 34 days, Harosoy 21 days, and Korean 19 days. Bansei was assayed 5 
days, Kanro 7 days, and Harosoy and Korean 26 days after flowering under 
conditions of the photoperiod treatment. 
Increases in length parameters as nodal length of brovming symptoms, 
height of diseased plants, and brovming sjmptom length in cm were observed 
for all varieties in the treatment plot. Bansei and Kanro plants increased 
the number of total nodes when grown under extended daylength; Harosoy and 
Korean did not show such an increase. The mean nodal length of broirming 
sjTnptoms was higher for all varieties grown under supplemental light. This 
increase occurred independently of the mean value for the number of total 
Table 21. Disease parameters of vegetative stage test which described differences of plants 

























normal 15.2 8.3 68.6 31.1 45.4 60 
extended 20.5 9.6 103.9 44.6 42.9 84 
Kanro 
normal 15.4 5.6 80.4 20.2 26.2 46 
extended 22.1 9.0 106.5 44.7 42.0 82 
Harosoy 
normal 21.8 7.3 119.3 39.2 32.8 42 
extended 21.3 8.3 143. 6 45.5 31.7 63 
Korean 
normal 21.3 6« 6 75.9 28.0 36.9 44 
extended 21.5 8.6 124.7 43.8 35.1 63 
®Data from 45 plajits of each variety of both photoperiod conditions. 
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nodes. Increase of diseased plant height in Barosoy and Korean wasj there­
fore, due to increase in internode length, the same increase in Bansei and 
Kanro could have been due to both node number and internodal length in­
creases. Since mean diseased plant heights and mean brooming symptom 
lengths increased under treatment conditions for all varieties, it was 
evident that no anatomical block to movement of the pathogen, flow of a 
metabolic product, or extension of the symptom was present in the stems 
of test varieties. 
Percentage increases of the treatment diseased plant heights over 
those of the control were extremely unstable. Diseased plants receiving 
the extended photoperiod treatment increased in height over the control as 
follows: Bansei 53.34, Kajiro 32.50, Harosoy 20.38, and Korean 64.28 per­
cent. A similar, but more extreme divergence, was noted for the brooming 
symptom length increase of treatments over controls as follovfs : Bansei 
43.15, Kanro 121.04, Harosoy 16.31, and Korean 56.33 percent. 
Equivalence existed between the treatment and control for the vari­
eties Bansei, Harosoy, and Korean when they were evaluated for the per­
cent of diseased stem browned. The mean length of browning was dependent 
upon, and controlled by mean stem length within the varietur. Lack of 
equivalence within the variety Kanro Tiras not understood. Because of the 
difference between Bansei and Korean for days from emergence to flowering, 
extension of the vegetative growth phase did not appear to unbalance this 
equivalence. 
Stem length reduction test 
A reduction in the means of total and diseased stem lengths were more 
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apparent in Amo-1618 treated populations of Ontario than in treated Midwest 
populations (Table 22). The mean browning symptom length reduction of 
treated Ontario populations was close to equivalence with the reduction 
of diseased stem length 89 days after emergence or 86 days after treatment. 
Table 22. Percent reduction of disease parameters from controls for plants 








reduction from control 
(percent) 
Mean total stem length 9.19 27.43 
Mean diseased stem length 11.38 30.34 
Mean length of symptom 18.67 32.27 
Mean nodal extension of symptom 
as internodes 
8.29% . 1.90 
Percent of diseased stem length 
browned 
1.05 0.62 
Disease incidence 2.23^ 0.67" ' 
%ata from 90 plants of each variety treatment and control. 
P^ercent increase of treatment over the control. 
This équivalence was less well defined in populations of Midwest. Disease 
incidence in Midwest was only one-third that of Ontario. Fewer diseased 
plants may have been a contributing factor for the reduced equivalence in 
Midwest. 
Midwest nodal values for broTming symptom extension exceeded that of 
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the control while an inverse relationship for this parameter existed in 
Ontario. Mean Tallies of this parameter were less divergent between treat­
ments and controls for both "varieties than was indicated by percent re­
duction calculations. Differences of means was 0.37 in Midwest and 0.17 
in Ontario. Valid evidence for a nodal resistance to symptom extension 
was not provided by this data. 
Only very slight differences existed betiTeen treated plants and con­
trols in Midwest and Ontario when percent of diseased stem lengths browned 
was compared. The length of the browning symptom was proportional to the 
length of the diseased stem and was independent of the stem length within 
the variety. Stem length determined the length of the browning symptom, 
or growth of the pathogen, within the variety. 
Disease incidence was not affected by Amo-1618. Treated blocks of 
Midwest had slightly more infected plants, "while treated Ontario blocks, 
had slightly fewer diseased plants than the respective control blocks. 
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DISCUSSION 
Primary aspects of BSR deTelopment which described degree of hori­
zontal resistance to C, gregatim in the soybean hare been established. 
These aspects reflected a total host parasite relationship within a system 
of pathogenesis devoid of resistance to infection. Selection for resist­
ance to BSR development could be a reasonable point of attack for elimi­
nation of the disease in future agronomic soybean lines. 
A study of the browning symptom development under conditions where 
plant populations could be.retained intact throughout the experimental 
period would be ideal. The present study necessitated plant sacrifice for 
browning symptom assay. Therefore, serial assays of the stage of growth 
test were assumed to be representative of the same variety population 
throughout the test period. 
Browning symptom development repeatedly bore a relationship to the 
individual variety under field conditions. This relationship was not 
destroyed by environment of the growing season, but differed between the 
seasons. Differences in symptom development between the seasons may take 
their origin from an unknown quantity present in all rate calculations, 
that is, the effective inoculum concentration. Inoculum was thought to 
be evenly distributed in the soil of the main nursery. This was indicated 
by the presence of diseased plants in all areas of the nursery. Since 
infection rate and browning symptom movement values differed between the 
years within a variety, it was apparent that effective inoculum concen­
trations may have been lower during the 1962, than during the 1963 season. 
Additional tests would be required for positive establishment of this point. 
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Symptom development was not wholly dependent upon host stage of growth. 
Under field conditions, symptom advancement rates and rates of stem brown­
ing increase did not increase or decrease in accordance with expression of 
vegetative or reproductive growth. Floral induction or floral initiation 
had no effect on rate of infection or symptom development when varieties 
were compared in the stage of growth test, and floral induction studies. 
Varieties of maturity Group II which flowered in a progressively 
later order were evaluated for symptom development. The total "browning 
symptom development did not show a distinct relation to time of flowering 
in this adapted group. Symptom development was dependent upon a varietal 
response not related to an observed phenotypic characteristic. 
Plots of browning symptom length distribution, within varieties 
assayed serially throughout the season, showed differences in this distri­
bution between varieties» Symptom distribution was initially high in lower 
stem regions. Browning symptoms developed through the test period to form 
distribution plots distinctive for each variety. Concentrations of symptoms 
at distinct locations along the stem length indicated the presence of 
horizontally resistant or susceptible sub-populations within the variety 
populations. Flambeau, Kabott, and Midwest were comprised of a predominant 
single population, horizontally resistant to browning symptom elongation. 
Terminal assays of T135 y9 and Perry populations provided bimodal distri­
bution data which indicated the presence of two sub-populations differing 
in horizontal resistance. A complete mixture of sub-population types com­
prised the total Mande11 population. Symptom length distributions formed 
a single peak at the terminal assay of Ontario. This distribution peak 
represented the existence of a single population, highly susceptible to 
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symptom extension. 
Single assay distribution plots presented for the Group II varieties 
test clearly defined differences of horizontal resistance aniong variety 
members of this maturity group. 
Relative rate of stem brooming increase was designed to incorporate a 
correction for the length of healthy stem tissue present in the variety 
population. Relative stem browning increase rates, therefore, were also 
dependent upon incidence values. The calculated rate, or p value, com­
pensated for the possibilities that elongation of the host stem may dilute 
the proportion of diseased to healthy stem tissue, and that browning and 
stem length may increase at different or equal rates. Comparison of stem 
browning, betvreen varieties and assay dates, would be most accurate when 
p values were used. 
Stage of growth test ratio values, for broTming symptom length to 
diseased stem length, provided different, positive, linear slopes for 
varieties when regressed on days after emergence. However, linearity 
became doubtful under comparison of Perry and Midwest analyses to 114 days, 
and slope differences were not apparent for Flam.beau and Kabott to 70 days 
after emergence. Failure to obtain ratio slope differences in the early 
maturing varieties, and lack of definite slope linearity in late maturing 
varieties did not appear to be controlled by environment. Similarity of 
slopes would support the hypothesis that nearly identical horizontal re­
sistance responses were in action in the varieties Flambeau and Kabott. 
Varieties Ontario, Korean, Mande11, T135 y9. Perry, and Midwest populations 
strongly indicated that individual resistance responses were present in 
these varieties. Divergence from linearity with concurrent ratio slope 
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differences for populations of Perry and MidiTest vras not understood. 
Decrease in the length of browning was proportional, within the 
varieties, to the number of days elapsed between emergence of normally 
planted full-season controls and increasingly delayed plantings. Seasonal 
differences in enTiromnent, therefore, did not alter the rate of symptom 
elongation. Incidence rates were both increased and decreased within the 
varieties in response to the delay of planting. By test design, incidence 
rates may be weighted by the shortening of growth periods of the delayed 
plantings. 
"When planting delay was grouped into four periods with approximately 
equal time in djays for each grovfth period, the rates of symptom extension 
remained independent within the varieties. These rate values tended to be 
highest for the first through third, or second and third planting groups. 
Seasonal temperature fluctuations were not thought to be responsible for 
the rate increase in these groups, since rate increases did not occur in 
all varieties of the same planting. A differential sensitivity to temper­
ature would have had to be in effect for each pathogen-variety combination. 
Incidence rates decreased significantly for all varieties of the last 
planting group. A plausable explanation for reduction in infection might 
lie in the effect of soil temperatures on the effective inoculum concen­
tration. 
Resistance criteria, applied to varieties of the 1962 stage of growth 
test, provided for selection of a horizontally resistant variety and a 
completely susceptible varietur. Midwest was ' chosen as a representative 
of horizontal resistance by merit of its delayed symptom expression and 
anomalous expression of the rate of sjonptom advancement. By contrast. 
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Ontario populations showed a relatively high incidence value approximately 
four weeks after emergence and well developed rates of sjTnptoin movement. 
These varieties were considered adequate for antithetic response when used 
in graft test application. 
Hypocotyl and epicotyl reciprocality between Midwest and Ontario under 
field conditions located the horizontal resistance response in the epicotyl 
portion of Midwest plants. Hypocotyl portions of Midwest plants did not 
impart resistance to the composite when grafted to Ontario epicotyls. Com­
posites of Midwest epicotyls and Ontario hypocotyls did not differ from 
Midwest controls in incidence and sjnnptom length parameters. A symptom 
mitigating factor, or factors, was resident in, or controlled by the aerial 
portions of Midwest plants. 
The presence of a mitigating factor most probably existed by degree 
iTithin all soybean lines. Degree of mitigation was well defined by the 
disease criterion defining the mean percent of diseased plants browned. 
This criterion was only slightly altered when stem length was increased 
by treatment with supplemental light or reduced with the antiauxin com­
pound, Amo-1618. 
Mean nodal increases of symptom length occurred in varieties under 
the supplemental light treatment of the vegetative stage test. These 
increases may evidence the lack of nodal resistance in soybeans to C. 
gregatum. Either conidia or mj'"celium within the vessel segments were 
able to pass through a greater number of nodal areas when stem length 
was increased. 
Concurrent stem length increase and symptom length increase of the 
vegetative stage test, or stem length decrease and symptom length decrease 
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of the stem length reduction test, indicated symptom length may be ulti­
mately controlled by stem growth or stem length. Degree of this control 
may be analagous to degree of symptom mitigation. Varietal stem termi­
nation ratings were not related to mitigation effects under this concept. 
Virulence differences were apparent among three isolates of C. 
gregatim. However, presence of virulence biotypes may not be important 
under field conditions where the observed symptom expression could be no 
greater than that produced by the biotjrpe of highest virulence. Potential 
increase in virulence biotypes could result by natural selection from the 
formation of virulent heterokaryotes through vegetative anastamosis. No 
sexual stage of C. gregatum has been demonstrated. 
Inoculation procedures did not provide for distinct differences in 
horizontal resistance between the varieties in the inoculation test. 
Harosoy exhibited some degree of qualitative resistance when compared to 
other test varieties. 
Cardinal air temperatures,which were reported to regulate symptom 
extension or activity of the pathogen in temperature controlled environ­
ments, were not observed to be effective under field conditions. Symptom 
development was dependent upon the variety and was not governed by normal 
seasonal air temperature. 
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SDMMAEI 
Horizontal or field resistance of the soybean to C. gregatum was 
indicated to exist by degree within each soybean line tested. Under field 
conditions variety plant populations became infected at different rates 
within the years. High rates of the stem browning symptom advance occurred 
in the presence or absence of high infection rates. The rates of browning 
symptom advance and infection described two different criteria of the 
disease, each was dependent upon the variety. When symptom advance 
occurred early in the growing season the rate of infectioh became important 
in the horizontal resistance concept. Rates of browning symptom advance 
from the basal area of the stem differed less between the years than be­
tween the varieties. Mean nodal values of the stem browning symptom termi­
nation differed among the varieties and between the years. Varietal rank 
determined by these values was stable between the years. Sub-populations, 
defined by length in cm of the browning symptom, were horizontally resist­
ant or susceptible within a variety population. High relative rates of 
stem browning increase occurred in the varieties Kabott, Ontario, Korean, 
Mandell, and T135 y9 prior to 55 days after emergence. This rate was 
higher in Flambeau, Perry, and 1/Iidwest from 55 days after emergence. Rela­
tive rates were dependent upon the variety. Absolute rates of diseased 
plant stem length increase and browning symptom elongation increase were 
independent within and between varieties. Rates of symptom elongation in­
creased from the date of first assay to the prematurity stage of growth. 
Rates of diseased stem length increase were reduced from the time of first 
assay to prematurity. 
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The ratio, for above mentioned varieties, of browning symptom length 
to diseased stem length regressed in a linear manner on days after emergence 
during the first 91 days of growth. Difference in slopes was significant 
for all varieties at this time. Flambeau and Kabott slopes were not signif­
icantly different when these varieties were compared. Linearity was less 
apparent, while slope differences were maintained in comparison of Perry 
and Midwest 114 days after emergence. Values for deviation from regression 
and error mean square were comparable for all varieties to 91 days after 
emergence. The described ratio was dependent upon the varieties tested. 
ÎTo relationship of time between flowering and maturity to extension 
of the browning symptom was evident within a group of adapted varieties. 
Horizontal resistance criteria were independent betrreen these varieties. 
Existence of horizontally resistant sub-populations in this group was de­
pendent upon the variety. 
Decrease in mean length of the browning symptom was uniform within 
varieties planted at increasingly later dates. Rate of browning symptom 
length decrease was a function of time of plant growth. Rates of symptom 
extension were dependent upon the variety when delayed plantings were 
allowed to grow for equal time periods. Disease incidence rates did not 
show this dependence. 
Differences in virulence existed between three C. gregatum isolates. 
Harosoy exhibited some horizontal resistance to these isolates. 
Roots of Midwest and Ontario were equally susceptible to Infection 
when they were used as the rootstocks for Ontario scions. Midwest root-
stocks did not reduce development of disease symptoms in Ontario scions. 
Midwest scions retained their horizontal resistance when grafted to Midwest 
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or Ontario rootstocks. A symptom migigating factor was, therefore, con­
sidered resident in the shoot system of Midirrest plants. 
The browning symptom did not traverse approach graft unions between 
plants of Midwest and Ontario. Transfer of the mitigating agent across 
approach-graft unions of the same varieties was not apparent. 
Floral induction did not accelerate nodal symptom extension. Degree 
of nodal symptom extension was dependent upon the variety. 
Increase in length of the vegetative phase of growth increased the 
brovming sjmiptom length. This increase occurred in equivalence with the. 
increase in diseased plant stem length and was controlled by the variety. 
Increases in the number of nodes developed in plants under extended con­
ditions of vegetative growth did not retard linear development of the 
browning symptom. Reduction in stem length resulted in the relative re­
duction of symptom length. Stem length or linear stem growth exerted 
some control upon the linear development of stem browning. 
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APPENDIX 
Table 1. Regression values for the ratio of broTOiing symptom to diseased 
stem length (Y) on days after emergence [x), 1963 stage of 
growth test 















b Î 2Sb 
Flambeau .001 .0025 .0006 26 .0026 .0013 .0037 
Kabott - .025 .0039 .0008 26 .0043 .0023 .0055 
O^ntario - .024 .0065 .0006 34 .0053 .0053 .0077 
Korean - .232 .0073 .0005 34 .0043 .0063 .0083 
Mandell - .145 .0066 .0004 34 .0027 .0058 .0074 
T135 y9 - .023 .0037 .0004 34 .0029 .0029 .0045 
Perry - .249 .0073 .0004 38 .0055 .0065 .0081 
Midwest - .106 .0031 .0003 38 .0021 .0025 .0037 
A^ll values positive unless othenvise indicated. 
T^otal for season. 
%ean s^ : .00373. 
T^est for homogeneity of s^ : "Xp = 14.94, d.f. 7, .025 level. 
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Table 2. Regression values for the ratio of browning symptom to diseased 
stem length (Y) on days after emergence (xj, 1963 stage of 
growth test 












b - 2Sb 
Flambeau .001 .0025 .0006 .0026 .0013 .0037 
Kabott - .025 .0059 .0008 .0043 .0023 .0055 
Ontario .046 .0048 .0007 .0034 .0034 .0062 
Korean - .143 .0052 .0005 .0015 .0042 .0062 
Mandell - .155 .0068 .0005 .0018 .0058 .0078 
T135 y9 .017 .0027 .0005 .0015 .0017 .0037 
Perry - .089 .0037 .0004 .0009 .0029 .0045 
Midwe st — . 099 .0029 .0006 .0021 .0017 .0041 
A^ll values positive unless otherwise indicated. 
d^.f. 26. 
"^ Mean s^  .00229. 
T^est for homogeneity of s^ ; X" = 17,55, d.f. 7, .010 level. 
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Table 3. Regression values for the ratio of browning sjmiptom to diseased 




Values for 70 days after emergence 
Standard 
error 
Slope of b 





bed b - 2si 
Flambeau 
Kabott 
.001 .0025 .0006 
- .025 .0039 .0008 
.0026 .0013 .0037 
.0043 .0023 .0055 
A^ll values positive unless othervTise indicated. 
d^.f. 26. 
°lvlean s^  .00348. 
'^ Test for homogeneity of s^ : "X? = 1.57, d.f. 1, .100 level. 
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Table 4. Regression values for the ratio of browning symptom to diseased 
stem length (Y) on days after emergence (X), 1963 stage of 
growth test 












b Î 2s^ 
Ontario - .024 .0065 .0006 .0053 .0053 .0077 
Korean - .232 .0073 .0005 .0043 .0063 .0083 
Mande11 - .145 .0066 .0004 .0027 .0058 .0074 
T135 y9 - .023 .0037 .00%^ .0029 .0029 .0045 
Perry - .171 .0056 .0005 .0032 .0051 .0061. 
Midwest - .106 .0030. .0004 .0023 .0026 .0034 
A^ll values positive unless otherwise indicated. 
'°d.f. 34. 
"^ Mean s2 .00345. 
°T88t for homogeneity of 8^  : ; "Xf = 7.9 8, d.f. 5, .100 level. 
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Table 5. Regression values for the ratio of browning s\mptom to diseased 
stem length (Y) on days after emergence (X), 1963 stage of 
growth test 
Values^  for 91 days after emergence 
Standard Deviation 
error from 
Variety Intercept Slope of b regression^ ®^  b 1 
(a) (b) (8%) (s2) 
Ontario - .024 .0065 .0006 .0053 .0053 .0077 
Korean - .232 .0073 .0005 .0043 .0065 .0083 
Mande11 - .145 . 0066 .0004 .0027 .0058 .0074 
T135 y9 - .023 .0037 .0004 .0029 .0029 .0045 
A^ll values positive unless otherwise indicated. 
34. 
°Mean .00378 
T^est for homogeneity of 8^1 ; ^ = 5.16, d.f. 3, .100 level. 
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Table 6. Regression values for the ratio of "bro'vra.ing symptom to diseased 
stem length (Y) on days after emergence (X), 19S3 stage of 
growth test 










regression bed b I 28, 
Perry 
Midwest 
- .249 .0073 .0004 
- .106 .0031 .0003 
.0055 .0065 .0081 
.0021 .0025 .0037 
All values positive unless otherwise indicated, 
^d.f. 38. 
°Mean s^  .00381. 
T^est for homogeneity of s^ ; = 7.98. 
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Table 7. Jinalysis of variaxice for the ratio of bromiing symptom length 
to diseased stem length, 1965 stage of growth test, varieties; 
Flambeau, Kabott, Ontario, Korean, Mandell, T135 y9. Perry 
and Midwest, 70 days after emergence (seven assays) 
Source d.f. Mean square 
Total 223 
Replications 5 .00752 
Varieties 7 .13630** 
Replications x varieties 21 .00159 
Days after emergence 6 .15312** 
Varieties x days after emergence 42 .00468** 
Error 144 .00203 
**1% significance level (F test). 
Table 8. Analysis of variance for the ratio of browning symptom length 
to diseased stem length, 1963 stage of growth test, varieties; 
Flambeau and Kabott, 70 days after emergence (seven assays) 
Source d.f. Mean square 
Total 55 .00425 
Replications 3 .02246* 
Varieties 1 .00170 
Replications x varieties 3 .02701** 
Days after emergence 6 .00533 
Varieties x days after emergence 6 .00300 
Error 36 
**1% significance level (F test). 
*5fo significance level (F test). 
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Table 9. Analysis of variance for the ratio of "broTming symptom length to 
diseased stem length, 1963 stage of growth test, varieties; 
Ontario, Korean and T135 y9, 91 days after emergence (nine 
assays) 
Source d.f. Mean square 
Total 143 
Replications 3 .00345 
Varieties 3 .20548** 
Replications x varieties 9 .00321 
Days after emergence 8 .29207** 
Varieties x days after emergence 24 .00815** 
Error 96 .00315 
**1% significance level (F test). 
Table 10. Analysis of variance for the ratio of bromiing sjmiptom length 
to diseased stem length, 1963 stage of growth test, varieties: 
Perry and MidiTest, 114 days after emergence (ten assays) 
Source d.f. Mean square 
Total 79 
Replications 3 .00261 
Varieties 1 .27946** 
Replications x varieties 3 .00318 
Days after emergence 9 .17725** 
Varieties x days after emergence 9 .03753** 
Error 54 .00158 
**1% significance level (F test). 
